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A  model  for  the  murine  graft  versus  host  (GVH)  reaction 
has  been  developed  in  order  to  examine  the  potential  value 
of  naturally  occurring  suppressor  cells  and  factors  in 
preventing  lethal  disease.  GVH  reactivity  was  induced  in 
sublethally  irradiated  adult  mice  by  reconstituting  the 
hosts  with  allogeneic  splenocytes.  Nonsuppressed  host/donor 
combinations  with  genetic  differences  at  H-2  died  within  14 
days.  Combinations  with  I  and  K/D  genetic  differences  showed 
longer  survival  times,  while  mismatches  involving  non-H-2 
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generally  had  no  mortality.  T  lymphocytes  specifically 
reactive  against  host  tissue  antigens  could  be  recovered 
from  diseased  organs  such  as  spleen,  lymph  nodes  and  liver. 
Based  on  cell  surface  phenotype  and  in  vitro  reactivity, 
two  distinct  populations  of  cells  were  recovered:  one 
proliferated  against  class  II  molecules,  the  other  lysed 
cells  expressing  class  I  molecules.  This  situation  proved 
different  from  reactivity  profiles  of  cells  activated  in 
mixed  lymphocyte  reactions. 

The  presence  of  cytotoxic  T  cells  correlated  with  GVHD 
mortality.  The  presence  of  large  numbers  of  CTLs  was  common 
in  H-2  GVH  mismatches  and  no  doubt  contributed  to  the  rapid 
death.  In  contrast,  only  weak,  but  transient  CTL  activity 
was  found  in  mismatches  involving  class  II  antigens; 
however,  the  recovered  cells  could  be  expanded  in  vitro 
with  interleukin  2.  The  resulting  cells  exhibited  cytotoxic 
activity  against  both  donor  and  host. 

Attempts  were  made  to  prevent  GVHD  using  cells  from  the 
spleens  of  newborn  mice  known  to  contain  naturally  occurring 
suppressor  cell  populations.  Unexpectedly,  only  certain 
strains  of  newborn  mice  possessed  the  capacity  to  suppress 
lethal  GVHD.  The  genetics  of  suppression  by  newborn  spleen 
cells  suggested  two  restrictions:  first,  the  newborn  spleen 
cells  apparently  must  express  the  strongly  stimulating  Mis 
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antigens,  and  second  newborn  spleen  and  adult  donor  cells 
must  be  histocompatible  at  a  genetic  region  telomeric  to 
I-A.  No  T  cell  reactivity  could  be  detected  up  to  60  days  in 
mice  showing  long  term  survival.  During  this  time,  these 
mice  remained  chimeras.  After  60  days  postengraftment ,  the 
cell  and  reactive  phenotype  of  these  mice  returned  to  that 
of  the  host . 
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INTRODUCTION 


1.1   The  Graft  Versus  Host  Reaction 

The  graft  versus  host  reaction  (GVH)  is  a  unique  model 
to  study  immunoregulation  in  that  the  entire  sequence  of  an 
immune  response  (initiation,  differentiation,  a  multifaceted 
effector  phase)  and  final  control  is  represented.  An 
extensive  body  of  knowledge  concerning  the  initial  events  of 
antigenic  recognition,  cell  types  involved,  cell 
differentiation,  and  final  expression  of  immunocompetence 
during  the  GVH  reaction  already  exists  (reviewed  in 
references  1,2).  However,  there  is  comparatively  little 
understanding  of  the  complex  mechanisms  and  cellular 
interactions  regulating  the  course  of  the  on  going  immune 
reaction ( s) . 


The  most  common  forms  of  GVH  reactions  are  runt 
disease,  secondary  disease,  parabiosis  and  F  hybrid 
disease.  Runt  disease  occurs  when  mature  competent 
allogeneic  cells  are  injected  into  an  Immunol ncompe tent 
newborn.  Growth  of  the  newborn  is  inhibited  and  quite 
frequently  the  animal  dies  manifesting  severe  diarrhea, 
dermititis,  hepatomegaly,  and  splenomegaly. 
,aBw.  Secondary  disease  is  seen  in  those  adult  animals  who 
have  been  immunocompromised  by  either  drugs  or  irradiation 
and  have  been  reconstituted  with  allogeneic  stem  cells  with 
the  following  results:  diarrhea,  dermatitis,  renal  lesions 
(immune  complex  deposition),  hemolytic  anemia  and  hepato  and 
splenomegaly.  - 

Parabiotic  intoxication  occurs  when  two  allogeneic 
adult  mice  have  been  surgically  treated  so  that  they  share  a 
common  circulation  and  their  lymphocytes  are  free  to  attack 
the  other  animal. 

Hybrid  disease  happens  when  a  F,  hybrid  has  been 
injected  with  cells  from  the  parental  strain.  The  laws  of 
transplantation  (See  Figure  1)  state  that  when  two 
histocompatible  homozygous  animals  mate,  the  F   progeny 
possess  the  histocompatibility  antigens  of  both  parents  and 
are  able  to   tolerate  grafts  from  either  parent,  while  the 
parent  rejects  grafts  from  the  progeny  because  of  the 
histoincompatible  antigens.  Thus  the  donor  cells  recognize 
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the  F   being  foreign,  but  the  F^  can  not  normally  react 
to  the  donor  cells  because  they  see  those  cells  as  being 
self.  The  advantage  of  this  system  is  that  the  recipient 
possesses  an  intact  immune  system. 

Currently  GVH  reactions  are  studied  either  systemically 
or  locally.  Both  sets  of  reactions  have  been  reviewed  by 
Grebe  and  Streilein  (2)  and  can  be  summarized  as  follows: 

A)    Systemic 

Inhibition  of  syngeneic  hematopoeitic  colony  forming 
units:  Irradiated  F,  mice  are  given  parental  lymphoid 
cells  along  with  syngeneic  bone  marrow  cells.  The  amount  of 
erythroid  cell  growth  is  assayed  by  the  amount  of   Fe 
that  is  incorporated  into  the  spleen.  The  less  ^^Fe 
incorporated,  the  greater  the  immune  response  was  towards 
the  host. 

The  Simonsen  spleen  index  assay:  This  assay  utilizies 
the  fact  that  when  allogeneic  cells  are  injected  into  a 
recipient  the  spleen  enlarges  in  response  to  the  allogeneic 
challenge. 

The  phagocytic  index:  This  is  an  indirect  test  used  in 
F^  animals  2  weeks  after  the  parental  cells  are  injected. 
Because  of  the  increased  lymphoid  activity,  colloidal  carbon 
is  cleared  from  the  system  in  a  much  shorter  time. 


The  focal  periportal  infiltration  method:  This  system 
deals  with  enumerating  the  number  of  foci  seen  in  the  F, 
liver  after  parental  cells  are  injected. 

The  splenic  explant  assay:  Single  cell  suspensions  of 
parental  cells  are  placed  over  diced  F,  spleens.  The 
culture  is  allowed  to  precede  5  days  and  then  the  culture  is 
examined  for  increased  physical  masses. 

B)    Local 

The  epidermolytic  reaction:  sensitized  lymph  node  cells 
are  injected  intracutaneously  into  F^  animals.  The  blood 
cells  of  the  host  are  destroyed  followed  by  nonspecific 
vascular  destruction  in  the  skin  with  noticeable  epidermal 
necrosis. 

Intraocular  or  intrarenal  GVH:  allogeneic  cells  are 
injected  either  into  the  anterior  chamber  of  the  eye  or 
under  the  renal  capsule;  within  a  short  period  of  time 
immune  reactions  cause  gross  morphological  changes  in  these 
organs. 

The  popliteal  lymph  node  assay:  this  assay  is  based  on 
the  same  theory  as  the  Simonsen  spleen  index  except  reactive 
allogeneic  cells  are  injected  into  the  animals  footpad  with 
subsequent  measurements  of  the  popliteal  lymph  node  1  to  2 
weeks  later. 


Often,  the  final  result  of  GVH  is  the  death  of  the 
host.  At  times,  however,  the  host  may  survive  GVH, 
suggesting  the  development  of  "tolerance".  The  mechanism(s) 
underlying  tolerance,  both  host  towards  the  graft  as  well  as 
graft  toward  the  host,  remain  only  speculative,  but  may 
result  from 

1]  blocking  factors,  such  as  antibody  possessing  the 
potential  to  bind  to  antigenic  sites  of  the  host  cells  (5,6) 
2]  suppressor  cells,  which  inhibit  the  regulating  T  helper 
cells  (7,8)  or 

3]  destruction  of  the  stimulating  components  of  the  host, 
presumably  the  lymphoid  associated  cells  (9,10). 

The  lymphoid  cells  of  the  host  have  been  implicated  in 
the  histological  and  clinical  manifestations  of  GVH  in  two 
ways.  First,  these  cells  no  doubt  provide  the  immunogenic 
stimuli  for  GVH  through  the  trapping  the  donor  cells  within 
the  lymphoid  organs,  thereby  stimulating  the  donor  cells 
into  growth  (11,12).  Second,  the  host  cells,  while  under  GVH 
siege,  may  be  nonspecif ically  stimulated  to  grow  (13,14). 
These  proliferating  host  cells  could  either  be  target  cells 
or  they  could  become  autoimmune  to  their  self  via  an 
allogeneic  effect  mechanism  (15,16)  or  via  an  inflammatory 
response. 

Attempts  to  alter  GVH  reactions  have  intensified  with 
the  development  of  human  transplantation  systems. 
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Pharmacological  agents  have  seen  a  major  trend  towards 
limiting  GVH  reactions.  Cyclophosphamide  and  the  cortical 
steroids  have  been  tried  clinically  with  less  than  expected 
results  (17,18,19).  A  major  problem  with  such  drugs  is  that 
these  agents  nonspecif ically  depress  the  immune  system, 
thereby  promoting  other  deleterious  effects  such  as 
increased  risk  of  infections  and  lymphomas.  Cyclosporin  A 
has  recently  become  a  center  of  a  pharmacological  approach 
to  limit  GVH,  but  it  too  may  be  nonspecif ically 
immunosuppressive  (20,21,22). 

Another  approach  to  this  question  has  been  to  stimulate 
suppressor  cells  using  the  plant  lectin,  concanavalin  A  (Con 
A)  (23,24,25,26) .  Certain  doses  of  Con  A  are  known  to  be 
mitogenic  while  other  doses  are  known  to  be  suppressive 
(25).  Unfortunately,  this  drug  also  has  toxic  side  effects 
and  therefore  could  be  hard  to  judge  adequate  dosages  for 
any  given  individual. 

Treatment  of  donor  cells  with  various  antibodies  and 
complement  has  been  another  effort  which  has  been  examined 
(27).  Until  quite  recently,  the  only  antisera  which  had  been 
employed  in  humans  was  rabbit  anti-lymphocyte  antisera.  The 
hope  here  was  to  eliminate  immunocompetent  T  cells  (while 
leaving  virgin  bone  marrow  cells  intact)  before  they  have 
had  a  chance  to  become  stimulated.  Unfortunately,  this 
regimen  has  had  only  limited  success  which  could  be  due  to 


the  poor  specificity  and  titer  of  the  antisera  used.  Perhaps 
the  development  of  appropriate  monoclonal  antibodies  might 
circumvent  this  problem  (28,29).  In  any  event,  there  is 
little  disagreement  on  the  need  for  better  methods  to 
achieve  the  final  goal  of  tolerance. 

1.2   The  In  Vitro  Measurement  of  the  GVH  Reaction 

The  murine  major  histocompatibility  complex  (H-2) 
consists  of  a  number  of  immunologically  important  loci: 
K,D,S  and  I  (Figure  2).  The  K  and  D  regions  code  for 
molecules  which  direct  lympholysis;  the  S  region  produces 
serum  proteins  such  as  the  fourth  component  of  complement, 
while  the  I  region  genes  and  associated  antigens  have  been 
reported  to  be  involved  in  a  large  number  of  immunological 
phenomena  such  as  T-B  cell  cooperation  (30),  antigen 
presentation  by  macrophage  (31),  helper  factor  (32,33), 
suppressor  factor  (34,35)  and  blastogenesis  in  mixed 
lymphocyte  reactions,  MLR  (36). 

Genetic  disparity  between  donor  and  recipient  which 
apparently  controls  initiation  of  GVH  is  determined 
primarily  within  the  major  histocompatibility  complex  (MHO 
of  the  species,  in  particular  the  I  region  (in  the  mouse)  or 
its  equivalent  in  other  species.  Representative  data 


Figure  2.  The  major  histcKxmpatibilty  oomplex  of  the  mouse. 
This  schanatic  drawing  of  the  MHC  of  the  mouse  (H-2).  The 
H-2  is  composed  of  several  loci,  as  denoted  on  tte  figure. 
The  MHC  gene  products  is  cotrposed  of  se\7eral  types  of 
molecules.  Class  I  molecules  such  as:  K,  D  and  L  nolecules 
are  single  45,000  molecular  weight  proteins  noncovalently 
associated  with  beta  two  microglobulin  molecules.  The  class 
II  nolecules:  I-A  and  I-E  consist  of  two  noncovalently 
linked  proteins  of  35,000  and  28,000  daltons.  Finally,  the 
class  III  molecule  encoded  by  the  S  region  describes  a  serum 
cornponent  C'4  v*iich  is  a  oonporent  of  the  oomplotent  series 
of  protein. 
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revealing  the  importance  of  the  I  region,  taken  from  Klein 
and  Park  (37),  is  presented  in  Figure  3. 

Even  though  K  and  D  region  differences  produce  some 
splenic  enlargement  as  evidenced  by  an  increased  splenic 
index  of  1.5,  this  increase  of  1.5  probably  represents  just 
the  homing  in  of  the  injected  spleen  cells  into  the  host 
spleen  without  any  significant  reaction.  But  when  I  region 
differences  occur,  the  spleen  doubles  or  triples  in  size  due 
to  the  development  of  a  significant  reaction. 

The  in  vitro  measurement  of  GVH  is  normally  performed 
using  the  mixed  lymphocyte  reaction  (MLR)  (38,39,40,41). 
This  test  measures  the  proliferative  phase  of  T  cell 
activation  following  recognition  of  allogeneic  antigens. 
Representative  data  comparing  MLR  and  GVH  are  presented  in 
Table  1  (37). 

In  vitro  studies  using  the  MLR  as  a  model  for  GVH 
have  provided  extensive  insight  into  T  cell  recognition, 
differentiation,  and  cell  interactions.  Activation  of  T 
lymphocytes  by  MHC  incompatibility  results  in  increased  DNA, 
RNA  and  protein  synthesis,  increased  energy  utilization  and 
increased  size  (42,43,44).  During  this  stage,  the  T  cells 
proliferate  and  differentiate  into  either  the  proliferating 
helper  T  cell  or  the  poised  precursor  of  the  cytotoxic  T 
cell.  The  poised  cytotoxic  T  cell  further  differentiates  to 


Figure  3.  Graft  versus  host  reactions  across  various  H-2 
differences.  This  figure  represents  splenomegaly  indices  of 
various  mice  undergoing  graft  versus  host  reactions.  Taken 
f ran  Klein  and  Park  ( 37 ) . 
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Table  1. 
Strenth  of  MLR  and  GVHR  across  various  regions 

of  the  H-2  . 


MLR 

GVHR 

H-2  region 
difference 

average  ratio 
of  stimulation 

range  mean  spleen 
index 

range 

K 

2.0 

.0.7-4.7 

1.4 

1.2-1.6 

D 

1.8 

0.8-5.4 

1.4 

1.2-1.7 

I-A 

6.4 

3.7-9.2 

1.8 

1.8 

I-B+S 

2.7 

1.1-4.4 

1.5 

1.1-1.8 

I+S 

5.8 

2.7-12.8 

2.6 

2.6 

K+I 

6.6 

3.2-18.3 

2.8 

2.6-3.1 

D+S 

2.0 

0.7-4.7 

1.5 

1.3-1.6 

K+D 

3.4 

3.0-3.8 

1.8 

1.1-2.5 

K+S+D 

3.3 

1.5-8.6 

2.3 

2.2-2.4 

K+I+S+D 

7.2 

1.2-33.6 

2.8 

2.4-3.1 

Taken  from  Klein  (3) 
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the  mature  killer  cell  after  receiving  the  help  signal  from 
the  helper  T  cell. 

Killer  T  cells  were  originally  characterized  as 
possessing  the  Lyt  2  and  Lyt  3  antigens  by  negatively 
selecting  T  cells  with  anti-Lyt  1  antisera  and  complement 
(45,46).  Recently,  killer  cells  possessing  the  Lyt  1 
phenotype  have  been  described  (47).  The  discrepancy  in  2 
killer  T  cell  phenotypes  may  be  due  to  the  sensitivity  in 
the  antisera  used.  Originally  anti-Lyt  1  antibody  and 
complement  killed  the  high  density  Lyt  1+  cells  so  that 
weakly  positive  Lyt  1+  cells  still  are  present.  Only  through 
sensitive  immunof lourescent  techniques  can  one  observe  the 
low  density  Lyt  1+  cells  (48). 

Helper  T  cells  reacting  against  whole  haplotype,  I 
region,  or  non-MHC  antigens  have  been  shown  to  bear  only  Lyt 
1  antigens  (49,50).  In  contrast,  T  cells  responding  against 
K/D  differences  have  been  found  to  be  Lyt  1,2,3+  cells  (51). 
This  as  well  may  be  an  artifact  with  the  Lyt  1,2,3+  cells 
being  precursors  to  the  T  helper  cells,  Lyt  1+. 

The  blast  cells  do  not  remain  in  this  activated  mode 
for  long  as  they  revert  to  small  lymphocytes  capable  of 
exhibiting  memory  (52).  These  cells  can  be  restimulated  by 
the  initial  antigen  in  a  secondary  manner,  with  the  peak 
response  occurring  on  day  2  of  culture  as  opposed  to  days  5 
and  6  found  in  a  primary  reaction.  The  primed  lymphocyte 
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test  (PLT)  utilizies  this  concept  of  in  vitro 
restimulation  to  specifically  quantitate  similar 
histocompatible  antigens  on  third  party  cells  (53,54).  This 
procedure  has  only  been  developed  in  the  last  few  years; 
however,  the  principles  of  these  in  vitro  restimulations 
offer  much  potential  in  probing  some  basic  questions  of 
vital  importance  in  immunobiology  such  as  the  activation  of 
memory  cells,  the  differences  between  primary  and  secondary 
stimulation,  the  specificity  of  the  response  towards 
antigens,  and  the  number  of  different  cell  subpopulations 
responding  towards  one  antigen.  All  these  activities  have 
been  observed  at  the  gross  level,  but  the  actions  of  single 
clonally  expanded  cells  have  only  been  recently  approached. 
By  selectively  expanding  blast  cell  cultures  one  may  be  able 
to  examine  the  fine  specific  activities  of  individual  cells 
which  were  not  available  previously. 

T  cell  clones  have  been  established  in  various 
laboratories  using  a  variety  of  different  strains  of  mice  as 
the  source  of  responder  cells.  Essentially  two  types  of 
functional  clones  have  been  found.  One  type  of  clone  is 
cytotoxic  towards  the  stimulating  cell  only  when  that 
specific  antigen  bearing  cell  and  some  exogenous  helper 
factor(s)  are  present  (55,56,57,58,59).  Since  these  clones 
carry  out  this  cytotoxic  effector  function,  it  is  presumed 
that  these  cells  originated  from  a  cytotoxic  T  cell 


18 


possessing  Lyt  2,3  antigens.  These  cells  may  be  maintained 
in  culture  for  weeks  solely  by  the  presence  of  the  exogenous 
factors  even  without  the  initial  stimulating  antigen. 
Interleukin  2  ( IL  2)  is  one  of  those  exogenous  factors;  it 
is  a  30,000  to  35,000  dalton  protein  derived  from  splenic 
lymphocyte  cultures  stimulated  by  T  cell  mitogens  Con  A  or 
phytohemagglutinin  (60,61,62,63,64),  from  other  MLR  reacting 
supernates  (65,66,67)  or  from  clones  of  T  helper  cells 
(58,59,68). 

The  second  type  of  clone  undergoes  proliferation  when 
presented  with  the  specific  priming  antigen,  e.g., 
histoincompatible  cells,  or  soluble  antigens,  but  does  not 
exhibit  any  cytotoxic  potential.  No  exogenous  factors  are 
apparently  needed  by  these  clones.  However,  these  cells  can 
become  addicted  to  IL  2  and  can  lose  their  specificity  and 
ability  to  respond  to  antigen.  A  few  of  these  clones  have 
been  shown  to  produce  factors  which  activate  the  cytotoxic 
T  cell  clones  in  vitro  (58,59),  strongly  suggesting  that 
these  clones  are  members  of  the  helper  T  cell  class.  Helper 
T  cell  clones  have  also  been  shown  to  function  in  vivo  by 
increasing  antibody  formation  towards  T  cell  dependent 
antigens,  e.g.,  sheep  red  blood  cells  and  horse  red  blood 
cells  in  nude  mice  (69). 

In  addition  to  nonspecific  helper  factors  such  as  IL  2, 
T  cells  have  been  claimed  to  produce  antigen  specific 
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factors  which  stimulate  naive  B  cells  into  making  specific 
antibodies  towards  a  given  antigen.  Some  of  these  factors 
bind  to  the  antigen  directly,  possess  la  determinants,  and 
have  a  molecular  weight  of  35,000  daltons.  These  factors 
when  isolated  from  T  cells  can  direct  the  B  cells  into 
antibody  secretion  (70,71,72,73).  Whether  a  given  T  cell 
secretes  both  IL  2  and  antigen  specific  helper  factor  is  not 
known . 

The  majority  of  cytotoxic  clones  which  have  been 
established  have  activity  against  specific  membrane 
moieties,  like  H-2K  or  H-Y  antigens  (74,75,76).  In  contrast, 
the  majority  of  proliferative  helper  T  cell  clones  have 
activity  against  non-MHC  antigens  (77,78),  although  a  few 
have  been  selected  with  activity  against  H-2  I  region  gene 
products  (la)  (79,80). 

One  of  the  problems  with  long  term  lymphocyte  cultures 
and  clones  has  been  the  frequent  and  regular  appearance  of  a 
crisis  phase  in  the  growth  pattern  of  these  cells  (68). 
After  3  to  6  months  in  culture  the  majority  of  the 
responding  cells  die;  the  remaining  cells  replicate  at  a 
slower  pace  than  they  did  before  crisis  set  in.  This  crisis 
period  lasts  for  about  3  weeks,  after  which  time  the  cells 
may  once  again  grow.  Thus,  long  term  cultured  cells  can  be 
used  for  analysis  only  during  the  limited  periods  between 
crises. 
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1.3   Controlling  the  Activities  of  T  Cells  In  Vitro 

Alpha  fetoprotein  (AFP),  a  normal  component  of  fetal 
and  newborn  sera,  has  been  shown  in  both  human  and  murine 
systems  to  exert  selective  suppressive  effects  on  various 
functions  of  T  lymphocytes,  including  T  cell  dependent 
antibody  synthesis,  T  cell  mitogenic  responsiveness,  and  T 
cell  mediated  allogeneic  reactivity  (81,82,83,84,85,86).  In 
addition,  recent  reports  have  revealed  that  under  certain 
circumstances  AFP  may  exert  a  supportive  influence  on  in 
vitJ^o  cell  growth  with  one  manifestation  being  the  in 
vitro  induction  of  suppressor  T  cells  (83). 

Analysis  of  the  impact  exerted  by  AFP  on  the 
recognition  and  subsequent  proliferation  of  T  lymphocytes 
reacting  in  MLR  against  defined  histocompatibility 
alloantigens  has  revealed  a  highly  selective  activity  in  the 
suppression  of  lymphocyte  responses  (81,82).  In  general,  AFP 
inhibits  Lyt  1+  T  blast  cells  reacting  against  I  region 
structures,  including  reactions  against  Mis  locus  products, 
but  fails  to  inhibit  Lyt  2+  cells  stimulated  by  K/D 
alloantigens  (81).  Thus,  it  seems  clear  that  AFP  exerts  its 
suppressive  activity  in  MLR  via  selective  interference  with 
I  region  triggering  systems.  However,  AFP  also  suppresses 
the  effector  phase  of  the  T  cell  mediated  cytotoxic 
reaction,  thus  suggesting  a  broader  spectrum  of  regulatory 
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activity.  For  example,  AFP,  when  present  during  the  primary 
activation  phase  of  T  cell  responses,  not  only  suppresses 
the  subsequent  in  vitro  generation  of  effective  cytotoxic 
T  cells  in  strain  combinations  with  I  plus  K/D  region 
differences,  but  also  in  strain  combinations  possessing  only 
K/D  region  differences  where  the  proliferative  phase  was 
unaffected.  If  AFP  interferes  only  with  I  region  triggering, 
then  it  would  have  been  expected  that  at  least  in  reactions 
directed  against  isolated  MHC  SD  region  associated  gene 
products  not  only  the  proliferative  but  also  the  cytotoxic 
phase  would  have  remained  refractive  to  the  suppressive 
activity  of  AFP.  More  recently,  studies  by  Peck  et__al. 
(87)  have  shown  that  AFP  acts  on  the  stimulating  cell 
population  known  to  initiate  T  cell  reactivity.  Furthermore, 
the  T  cell  subpopulation  which  is  refractive  to  AFP  could  be 
shown  to  exert  suppression  of  normal  primary  responses.  This 
fact  suggests  that  AFP  may  be  a  physiological  substance 
which  could  be  used  to  control  specifically  the  immune 
response  in  GVH  reactions. 


1 . 4   Suppressor  Cells  , 

7  ■ 

A  subpopulation  of  cells  has  been  described  which 
/'  resides  in  the  spleens  of  the  newborn  mouse  which  possesses 
\   a  short  lived  antigen  nonspecific  suppressor  activity  for 
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/  immune  reactions  (88,89,90).  This  suppressor  activity  is  not 
associated  with  spleen  T  cell  populations  as  it  is  absent 
from  purified  spleen  T  lymphocytes,  resistant  to  treatment 
with  anti-I-j  and  anti-la  antisera,  present  in  the  spleens 
of  T  cell  deficient  nude  mice.  In  addition,  suppressor 
activity  is  not  due  to  macrophages  since  the  effector  cells 

I   fail  to  adhere  to  either  plastic  or  Helix  pomatia  lectin 

\ 
N  coated  plates.  Natural  killer  cells  can  also  be  excluded 

since  the  suppressor  activity  fails  to  pass  through  Ig  anti- 

/  Ig  coated  columns  (Peck,  unpublished  results).  In  addition, 

the  cells  from  those  animals  are  capable  of  producing  a 

soluble  factor  which  is  capable  of  inhibiting  adult  cell 

.  responses  both  MLR  and  CML. 

^Another  set  of  suppressor  cells  has  been  postulated  (2) 

to  be  responsible  for  the  inability  to  transfer  GVH  from  a 

host  animal  undergoing  GVH  reaction  to  a  second  normal 

animal  even  when  both  animals  are  genetically  identical. 

Perhaps  that  time  required  for  secondary  reactivity  to 

establish  itself  in  the  second  host  may  permit  an  antigen 

specific  suppressor  cell  to  develop. 

Both  of  these  activities  need  to  be  further 

investigated  as  physiological  entities  to  suppress  immune 

responsiveness. 
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1.5   The  Rationale  for  These  Experiments 

GVH  reactions  have  been  studied  in  mice  in  a  wide 
variety  of  ways,  ranging  from  local  footpad  swelling  assays 
to  splenomegaly  studies  in  newborn  hosts.  Unfortunately,  the 
majority  of  these  studies  are  not  homologous  to  the 
situation  seen  in  human  GVH  following  bone  marrow 
transplantation.  Studies  dealing  with  the  homologous 
situations  in  adult  mice  undergoing  GVH  can  be  classified 
into  two  main  categories:  first,  those  which  have  dealt  with 
the  histopathological  lesions,  and  second,  those  studying 
the  ability  of  cytotoxic  T  cells  to  develop  using  an  entire 
H-2  mismatch.  The  purpose  of  this  research  was  to  develop  a 
model  to  study  GVH  reactions  resulting  from  specific  H-2  and 
non-H-2  incompatibilities  between  donor  and  host  in  order  to 
study  the  genetic  control  of  T  lymphocyte  reactivity  in  GVH 
disease,  then  determine  the  feasibility  to  control  this 
reactivity  with  physiological  pregnancy  associated 
substances. 


MATERIALS  AND  METHODS 


2 .1   Animals 

Inbred  lines  of  mice  used  in  these  studies  and 
maintained  in  the  Department  of  Pathology,  University  of 
Florida,  include  A/J,  AKR/J,  A.TFR5,  A.TL,  BALB/cJ, 
BALB/C    ,  BIO. A,  BIO.AQR,  B10.A(2R),  BlO.AOR), 
B10.A(4R),  B10.A(5R),  BIO. BR,  B10.BUA16,  B10.CHA2,  B10.D2, 
BIO.F,  BIO.HTT,  BIO.M,  B10.M(17R),  BIO.MBR,  BIO. PL, 
BIO.RIII,  B10.S(7R),  BIO.SOR),  BIO.SM,  B10.T(6R),  BIO.Q, 
BIO.TL,  CBA/CaH,  CBA/J,  C3H/HeJ,  C57BL/6J  (B6), 
C57BL/6^"'-'-,  C57BL/10  (BIO),  C57BR,  C58,  Dl.C,  DBA/lJ, 
DBA/2J,  PL/J,  NZB,  RF/J,  SEA/J,  SEC/J,  SJL/J,  SM/J  and 
SWR/J.  Breeding  pairs  of  BIO.GD,  BIO.RIII,  B10.S(7R)  and 
B10.S(9R)  were  originally  provided  by  Dr.  Duncan,  Department 
of  Cell  Biology,  University  of  Texas,  Dallas,  Texas,  while 
BIO.AQR  and  BIO.TL  were  obtained  from  Dr.  Shreffler, 
Department  of  Genetics,  Washington  University,  St.  Louis, 
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Missouri.  BIO  males  were  bred  to  BIO. BR  females,  A.TL  males 

bred  to  BIO.MBR  females,  and  B10.T{6R)  males  bred  to  BlO.AQR 

females  provided  the  F,   hybrids,  (BIO  x  B10.BR)F  , 

(A.TL  X  B10.MBR)F^,  and  (B10.T(6R)  x  B10.AQR)F  .  Both 

male  and  female  mice  ranging  in  age  from  6  to  24  weeks  were 

used;  however,  mice  were  sex  matched  when  used  for  various 

experiments. 

2.2  Antisera 


Monoclonal  anti-Lyt,  anti-Thy-1  and  anti-I-A 
antibodies  were  obtained  from  cell  lines  53-7.313  (anti-Lyt 
1),  53-6.72  (anti-Lyt  2),  HO-13-4  (anti-Thy-1 . 2 )  and 
10-3.6.2  (anti-I-A  )  generously  provided  by  Dr.  Ledbettor 
and  Dr.  Herzenberg  via  the  Salk  Institute  Cell  Distribution 

Center,  San  Diego,  California,  while  anti-K   (B  312)  and 

k 
anti-I-E   (14-4-4)  were  provided  by  Dr.  D.  Sachs,  NIH. 

Each  cell  line  was  grown  at  high  concentration  in  RPMI  1640 

supplemented  with  fetal  bovine  serum  to  10%.  Supernates  were 

used  undiluted. 

The  antibodies  10.2.16,  B  312  and  14-4-4  used  in  this 

research  were  generated  in  (B6  x  BALB/c)F,  mice  using  the 

ascites  approach.  These  antibodies  were  demonstrated  to  high 

cytotoxic  titers  and  were  generously  provided  by  Dr.  E. 

Wakeland. 
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Arsenilic  acid  conjugated  anti-Lyt  1  and  anti-Lyt  2 
antibodies  and  fluorescenated  rabbit  anti-arsenilate 
antibody  were  obtained  from  Becton-Dickinson,  Oxnard, 
California.  Fluorescenated  rabbit  anti-mouse  Ig  antibody  was 
obtained  from  Cappel  Laboratories,  Cochransville, 
Pennsylvania. 

2.3  Complement  Dependent  Antibody  Cytotoxicity 

A  two  step  complement  dependent  cytotoxicity  assay  was 
used  to  treat  cell  populations  with  various  antisera.  Spleen 
cells  at  5.0  x  10   cells/ml  were  incubated  with  antiserum 
for  45  min.  at  room  temperature.  The  cells  were  then  washed, 
resuspended  in  rabbit  complement  (Accurate  Scientific, 
Hicksville,  New  York)  and  reincubated  at  37  C  for  45  min. 
Cell  viability  was  assessed  by  trypan  blue  dye  exclusion. 

2.4  Fluorescent  Microscopic  Determination  of  Cells 

Immunofluorescent  staining  of  lymphocytes  was  performed 
by  reacting  5.0  x  10   lymphocytes  with  either  arsenilate 
conjugated  anti-Lyt  1  or  anti-Lyt  2  antibodies  for  45  min. 
at  4  C.  The  cells  were  washed  3  times  with  phosphate 
buffered  saline  (PBS)  followed  by  an  incubation  with 
fluoresceinated  rabbit  anti-arsenilate  antibody  for  45  min 
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at  4  C.  The  cells  were  examined  for  fluorescent  staining 
through  a  phase  contrast  microscope  equipped  with  a  Zeiss 
Ploem  UV  illuminator.  Cell  surface  immunoglobulin  was 
detected  in  a  similiar  manner  using  a  one  step  incubation 
with  fluorescein  conjugated  rabbit  antimouse  immunoglobulin. 

2 .5  Cell  Preparations 

Whole  spleen  leukocyte  populations  were  prepared  as 
'described  by  Peck  and  Bach  (91).  In  brief,  spleens  freshly 
removed  from  mice  were  dispersed  by  pressing  the  spleen 
/  through  a  wire  mesh  screen  into  PBS.  Following  one  wash,  the 
I       red  blood  cells  were  lysed  in  a  10  minute  0.84%  ammonium 
chloride  treatment.  The  resulting  leukocytes  were  washed 
once  and  resuspended  in  PBS  to  appropriate  cell 
concentrations . 

2.6  Primary  Mixed  Leukocyte  Reaction 


/ 


:'   / 


7 


Primary  MLRs  were  carried  out  according  to  the  protocol 
of  Peck  and  Bach  (91).  Throughout  the  study,  60  x  10^ 
splenic  leukocytes  were  cultured  together  with  100  x  10^ 
(2000R)  stimulating  whole  spleen  cells  in  30  ml  EHAA  media 
supplemented  with  normal  mouse  serum  to  0.5%  (92).  Cell 
cultures  were  harvested  between  days  7  to  10  of  incubation 
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[yj    and  examined  for  reactivity  in  secondary  MLR  (PLT)  and  cell 
mediated  lympholysis  assays  (CML) . 

2.7   Induction  of  Graft  Versus  Host  Reactivity 

Forty  million  donor  (responding)  splenic  leukocytes 
were  injected  intravenously  via  the  tail  vein  into 
sublethally  irradiated  (650R)  recipient  (host)  adult  mice. 
Animals  were  fed  on  lab  chow  and  given  acidified  water  to 
drink.  No  major  problems  developed  from  bacterial 
infections. 

At  various  time  points  (indicated  in  the  text  and 
footnotes)  the  recipient  mice  were  sacrificed.  Their  livers, 
spleens,  kidneys,  intestines,  lungs  and  skin  were  removed, 
fixed  in  formalin  and  embedded  in  paraffin  for  routine 
hemaoxylin  and  eosin  stained  histopathological  study.  Cells 
present  in  the  spleens,  lymph  nodes  and  livers  were  prepared 
and  examined  for  functional  activities. 

2.8   Primed  Lymphocyte  Typing  Tests 

Antigen  activated  cells  were  separated  from  small  and 
dead  cells  on  Ficoll-Paque  (Pharmacia  Fine  Chemicals, 
Piscataway,  New  Jersey)  (d=1.077)  density  gradients.  PLT 
assays  were  performed  in  round  bottomed  96  well  Lindbro 
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microtiter  plates  (Flow  Laboratories,  McLean,  Virginia)  as 
described  by  Peck  and  Wigzell  (93).  Cultures  consisted  of 
either  0.04  x  10   responding  spleen,  lymph  node  or  liver 
cells  cultured  with  0.5  x  10^  irradiated  stimulating 
spleen  cells. 

At  appropriate  times  of  the  secondary  culture,  as 

indicated  in  the  Tables,  1.0  |aCi  tritiated  thymidine 

3 
(  H-TdR)  (Amersham,  Boston,  Massachusetts)  in  a  volume  of 

0.02  ml  was  added  to  each  well  for  12  hrs.  Cells  were  then 

aspirated  through  Whatman  glass  fiber  filters  with  a 

multiple  sample  harvester  (Otto  Hiller  Inc.,  Madison, 

3 

Wisconsin)  and  total   H-TdR  incorporation  was  determined 

by  liquid  scintillation  procedures.  Data  are  expressed  in 
counts  per  minute  of  the  average  of  either  duplicate  or 
triplicate  cultures.  Standard  deviations  of  the  average  are 
included. 

2.9   Cell  Mediated  Lympholysis  Assays 

CML  were  performed  according  to  the  procedure  detailed 
elsewhere  (94).  The  effector  cells  were  generated  in  primary 
MLR  or  GVH.  Alloantigen  activated  cells  were  collected  from 
mixed  lymphocyte  reactions  or  diseased  organs,  centrifuged 
and  washed  twice  in  medium  containing  newborn  calf  serum 
(Biocell  Laboratories,  Carson,  California). 
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Concanavalin  A  (Pharmacia  Fine  Chemicals)  stimulated 
spleen  cells  were  used  as  the  target  cells.  Approximately  36 
hrs  before  the  CML  assay,  appropriate  target  cell  cultures 
containing  12  x  10   spleen  cells  in  5.0  ml  of  EHAA  with 
10%  newborn  calf  serum  were  established  in  culture  dishes. 
Target  cells  were  incubated  2  hrs  with  400-500  |aCi  Na^ 
CrO^.  The  labeled  cells  were  washed  3  times  in  fresh 
medium. 

Cell  destruction  was  performed  in  V  bottomed  microtiter 

plates  (Lindbro)  using  various  effector  cell  numbers  plus 

4 
1.0  X  10   labeled  target  cells.  Cell  destruction  proceeded 

6  hrs  at  37  C  after  which  time  the  plates  were  centrifuged, 

the  supernate  collected  and  the  quantity  of  released  of 

Cr  determined.  Percent  cytotoxicity  is  expressed  as 

Cr  released  (experiment)- — Cr  released  (spont.)  xlOO 
Cr  released  (maximum)  -  Cr  released  (maximum) 

Spontaneous  release  ranged  between  15  to  20%  of  the  maximum 
release. 


2.10  Preparation  of  Purified  Interleukin  2 

Interleukin  2  was  produced  by  culturing  EL-4  G-12 
cells,  an  azogaunine  resistant  EL-4  (T  lymphoma  cell  line) 
with  8  ng/ml  of  concanavalin  A  for  18  hrs  as  described  by 
Shimizu  et_al.  (95).  The  interleukin  2  was  collected  and 


31 


precipitated  by  ammonium  sulfate  and  subsequently  dialyzed 
in  PBS.  The  supernate  was  concentrated  and  passed  through  a 
G-200  column.  The  fractions  containing  the  IL  2  were 
collected  and  concentrated.  These  samples  were  then  sterile 
filtered.  The  activity  of  the  preparation  was  tested  by 
using  an  IL  2  dependent  cell  line  by  Dr.  Shimizu. 


•  2.11  Preparation  of  Newborn  Spleen  Cells 

C.  Newborn  mice  1  to  3  days  old  were  sacrificed;  their 


y  spleens  were  removed  using  sterile  techniques.  The  spleens 
were  passed  through  a  fine  wire  mesh  screen  to  get  a  single 

/  cell  suspension.  The  cells  were  washed  once  with  PBS  and 
then  caltured  -la  ^HAA  media  at  a  concentration  of  10  x  10^ 
cells/ml'.  Normally  2   x  10^  viable  cells  are  obtained  per 
(spleen. 

To  generate  suppressor  cells  used  for  the  prevention  of 
GVH  disease,  the  newborn  cells  were  cultured  1  day  prior  to 
the  addition  of  the  donor  cells.  This  mixture  of  cells  was 
allowed  to  incubate  an  additional  day.  These  cells  were 
harvested,  counted  and  injected  into  sublethally  irradiated 
host  mice. 
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2.12  Preparation  of  Alpha  Fetoprotein 

Pregnant  mice  between  (10  to  14  days)  were  cervically 
dislocated  and  surgically  opened.  The  amniotic  sac  was 
punctured  using  a  needle;  the  amniotic  fluid  was  then 
aspirated  into  a  collection  flask.  The  amniotic  fluid  was 
passed  through  an  affinity  column  of  rabbit  anti-mouse  AFP 
antibody  generously  provided  and  established  by  Dr.  A. 
Kimura.  The  AFP  was  eluted  off  the  column  using  glycine-HCl 
buffer  pH  3.5.  The  AFP  was  subsequently  dialyzed  in  PBS 
three  times  in  1000  x  volume.  The  AFP  was  then  tested  in  a 
primary  MLR  to  insure  that  the  collected  substance  had 
suppressor  activity  in  it. 


RESULTS 


3-1   Inability  of  Allogeneic  Cells  to  Induce  GVHD  in  Normal 


Adult  F-. _  Mice 


Adult  male  and  female  (BIO  x  B10.BR)F  mice  were 
injected  either  intravenously  or  intraperitoneally  with 
forty  million  BIO. BR  splenocytes.  Each  set  of  mice  was 
observed  for  a  period  of  1  month,  during  which  time  no  signs 
of  ill  health  were  apparent.  This  experiment  was  repeated  on 
a  new  set  of  mice,  except  this  time  the  experiment  was 
terminated  on  day  5  in  order  to  examine  the  spleens  of  these 
animals.  The  mice  which  were  injected  intraperitoneally 
showed  no  signs  of  illness;  the  spleens  of  these  animals 
looked  normal  and  possessed  a  normal  number  of  leukocytes 
(60  X  10   cells/spleen).  In  contrast,  the  mice  which  were 
injected  intravenously  exhibited  splenomegaly  and  had  twice 
the  number  of  leukocytes,  120  x  10^  cells/spleen.  Despite 
this  enlarged  spleen,  the  animals  looked  and  acted  like 
normal  mice. 
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The  spleens  of  these  two  sets  of  animals  were  prepared 
into  single  cell  suspensions  and  forty  thousand  cells  were 
dispensed  into  each  well  of  a  microtiter  tray.  The  cells 
were  then  tested  with  a  panel  consisting  of  irradiated 
spleen  cells  from  five  different  mouse  strains  as  is  done  in 
a  typical  primed  lymphocyte  typing  test.  The  cells  from  mice 
which  were  injected  i.p.  did  not  significantly  respond 
towards  any  of  the  stimulating  cells  (Table  2,  column  1).  In 
contrast,  those  cells  obtained  from  the  i.v.  injected  mice 
looked  larger  and  appeared  activated.  These  cells  did 
respond  towards  the  panel  of  stimulating  cells  (Table  2, 
\  column  2);  however,  it  was  without  any  specific  pattern. 

3 . 2   Generation  of  GVHD  in  Adult  F  Mice  Immunosuppressed 
Through  Irradiation  -  

A.    Study  of  the  survival  rates  of  mice  lethally  or 
sublethally  irradiated 

To  obtain  conditions  in  host  animals  permitting 
development  of  GVHD,  it  was  necessary  to  immunosuppress  the 
host  through  irradiation.  A  dose  of  irradiation  was  desired 
so  that  the  animal  would  not  die  of  infection  due  to  the 
associated  leukopenia,  yet  be  compromised  enough  so  that  the 
donor  cells  would  be  opposed  with  the  least  possible 
resistance. 


Table   2. 
The   effect  of  the  route  of  injection  in  order  to  generate  primed 
lyit^jhocytes  in  the  BIO. BR  anti-(B10  x  B10.BR)F  reaction. 
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H-T'dR  Incorporation  CPM+SD  (a) 


H-2  Genetics 


Stimulator 

Mice  injects 
in traper i  toneal 

5d  by:   (b) 

Strain 

K 

A 

J 

E 

D 

intravenous 

none 

- 

- 

- 

- 

- 

173+  66 

8570+  107 

BIO. BR 

k 

k 

k 

k 

k 

622+298 

7551+1402 

BIO 

b 

b 

b 

b 

b 

525+  4 

10875+  341 

(BlOxBlO.BR) 

b 

b 

b 

b 

b 

^1 

k 

k 

k 

k 

k 

679+232 

8046+  6797 

BIO .T( 6R) 

q 

q 

q 

q 

d 

711+711 

8651+  75 

DBA/2 

d 

d 

d 

d 

d 

813+  95 

9965+  835 

a)  PLTs  v^re  harvested  at  48  hrs  following  a  12  hr  pulse  with  1 
pCi  of  H-TdR. 

b)  Primed  cells  were  obtained  on  day  5  from  sublethally 
irradiated  (BIO  x  B10.BR)F,  mice  v^iich  were  reconstituted 
with  BIO. BR  splenocytes  by  either  an  intraperitoneal  or 
intravenous  route. 
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Figure  4  shows  the  survival  pattern  of  groups  of  4  mice 
which  were  irradiated  with  either  475,  650,  875  or  1100 
rads.  A  dose  of  475  or  650  rads  produced  no  observable 
detrimental  effect  up  to  75  days  post  irradiation  when  the 
experiment  was  terminated.  Higher  doses  of  radiation  used 
(875  or  1100)  caused  death  in  these  animals  by  day  14.  Thus, 
lethal  irradiation  induces  quick  mortality  while  sublethal 
irradiation  has  no  obvious  detrimental  effect  on  the  mice. 

B.    Sublethally  irradiated  hosts  provide  an  environment 
for  GVHD  ~ 

To  test  the  effect  of  irradiation  on  the  host  in  order 
to  generate  primed  lymphocytes,  (BIO  x  B10.BR)F   host 
animals  were  divided  into  two  groups  with  one  group 
receiving  650R  while  the  other  group  did  not  receive  any 
irradiation.  The  host  animals  were  injected  i.v.  with  40  x 
10   BIO. BR  splenocytes.  Five  days  later  these  animals  were 
sacrificed,  their  spleens  were  removed,  and  the  cells  tested 
for  alloreactivity  in  MLR.  The  results  of  one  experiment  are 
reported  in  Table  3.  Cells  from  animals  which  were  not 
irradiated  produced  cells  which  did  not  respond  specifically 
towards  any  particular  strain  of  mouse.  However,  cells  from 
those  mice  which  were  sublethally  irradiated  showed  patterns 
of  reactivity  suggesting  specific  reactivity  against  the 
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Table   3. 
The  effect  of  radiation  cmi  the  host  in  order  to  generate  specific 
primed  lynphocytes  in  the  BIO. BR  anti-(B10  x  B10.BR)F. 

reaction.  ^ 


Stimulator 
Strain 


H-2  Genetics 


K  A  J  E  D 


none       -  _  _  _  _ 

BIO. BR      k  k  k  k  k 

BIO         b  b  b  b  b 

(BlOxBlO.BR)  b  b  b  b  b 

B10.T(6R) 
DBA/2 


k  k  k  k  k 
q  q  q  q  d 
d  d  d  d  d 


H-TdR  Incorporation  CPM+SD  (a) 


Ccxidition  of  Host:   (b) 
Not  Irradiated   Irradiated 


8570+  107 

7551+1402 

10875+  341 

8046+  697 
8651+  725 
9965+  835 


1947+  133 

1429+  252 

42062+1809 

44871+  402 

6146+  292 

10168+2227 


a)  PLTs  vgere  harvested  at  48  hrs  following  a  12  hr  pulse  with  1 
[iCi   of  H-TdR. 

b)  Primed  cells  were  obtained  on  day  5  frccn  either  sublethally 
irradiated  or  non  irradiated  (BIO  x  B10.BR)F-  hosts  which 
were  reconstituted  with  BIO. BR  splenocytes  injected  i.v. 
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antigens  which  were  found  on  the  host.  Thus,  by 
immunocompromising  the  host  it  is  possible  to  generate  a 
GVHR . 

C.  Histology  of  sublethally  irradiated  (650  rads)  mice 

Various  tissues  from  animals  which  had  been  previously 
irradiated  10  to  15  days  earlier  were  removed,  prepared  for 
thin  sectioning  and  then  examined  for  abnormalities.  Liver, 
kidney  and  small  intestines  appeared  normal.  Lymphoid  tissue 
such  as  thymus  and  spleen  were  atrophic.  The  spleen 
contained  0.05  x  10   cells  and  the  histology  of  the  spleen 
revealed  necrosis,  but  did  show  signs  of  regeneration  with 
the  presence  of  megakaryocytes . 

D,  General  pathology  of  GVHD  in  MHC  disparate  strains 

Sublethally  irradiated  animals  reconstituted  with  40  x 
10   allogeneic  or  semi-allogeneic  splenocytes  developed 
acute  GVHD.  As  early  as  five  days  postgraf ting,  mice  started 
to  deteriorate  physiologically:  The  mice  became  lethargic, 
developed  hunched  postures,  presented  a  wasting  appearance 
and  developed  diarrhea.  Often  immediately  before  death  the 
mice  felt  hypothermic  and  were  shivering.  In  semi-allogeneic 
combinations  such  as  (BIO  x  B10.BR)F,  mice  reconstituted 
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with  BIO. BR  cells,  mice  began  to  die  by  day  7  and  by  day  14 
to  15  all  the  mice  had  expired.  In  allogeneic  combinations 
such  as  the  36  anti-BALB/c  reaction  an  acclerated  course  of 
the  disease  was  seen,  and  by  days  5  to  6  all  the  mice  had 
died. 

A  comparison  of  the  survival  rates  due  to  different 
histocompatibility  loci  is  presented  on  Figure  5.  An  entire 
H-2  disparate  GVH  reaction  [B6  anti-BALB/c]  resulted  in  a 
very  short  lifespan.  An  I  region  mismatch  [BlO.AQR  anti- 
(B10.T(6R)  X  B10.AQR)F  ]  produced  a  slightly  delayed 
mortality,  while  a  K/D  disparate  GVHD  [BlO.MBR  anti-(A.TL  x 
B10.MBR)F^]  resulted  in  about  half  the  mice  surviving  the 
first  20  days. 

E.    The  effect  of  host's  age  upon  generation  of  GVHD 

Another  study  was  undertaken  to  determine  whether  age 
of  the  host  had  any  influence  on  the  rate  of  GVH  mortality. 
In  one  experiment  an  entire  H-2  combination  was  used:  BIO. BR 
anti-BlO.WB.  The  age  of  the  hosts  ranged  from  22  days  (mice 
are  normally  weaned  on  day  21)  to  70  days  old  (young  adult). 
As  can  be  seen  in  Figure  6,  the  majority  of  the  mice  died 
between  days  4  to  8  and  by  day  10  all  the  mice  had  succumbed 
to  GVHD.  Thus,  lethal  GVHD  developed  similarly  in  mice 
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ranging  in  age  from  22  to  70  days  old.  Experiments  performed 
in  this  study  thus  used  mice  which  were  this  age. 

P*    Histopathological  examination  of  whole  H-2  disparate 
GVHD  revealed  marked  effects  

The  pathology  described  here  is  similar  to  that 

previously  reported  by  Rappaport  et__al.  (96).  The  livers 

of  these  GVH  affected  animals  often  changed  from  a  normal 

red  color  to  a  pale  white  coloration.  This  condition  seemed 

to  frequently  occur  before  any  wasting  syndrome  presented 

itself.  These  livers  showed  signs  of  perivascular  cuffing, 

dilation  of  the  veins,  massive  necrosis  with  no  signs  of 

regeneration.  There  was  marked  evidence  of  leukocytic 

infiltration  in  the  parenchyma  as  well  as  along  the  central 

veins  (Figures  7  to  10).  The  yield  of  leukocytes  from  the 

GVH  liver  varied  in  different  experiments  but  usually  20  x 

3  4 

10    to  70  X  10    cells/liver  could  be  recovered.  In 

contrast,  normal  livers  failed  to  yield  any  significant 
amount  of  leukocytes. 

Similarly,  examination  of  the  small  intestine  revealed 
drastic  changes:  the  villi  were  dilated  with  columnar 
metaplasia.  Exfoliation  of  the  villi  was  also  noted  to  be 
higher  than  normal.  Leukocytes  were  devoid  in  the  villi 
(Figures  11  and  12).  Destruction  and  necrosis  was  obvious, 
and  leukocytic  and  plasma  cell  invasion  of  the  basement 


Figure  7.  Mouse  liver  from  either  a  nornal  aninal  or  fron  a 
sublethally  irradiated  animal  on  day  10.  Both  livers  exhibit 
no  drastic  dianges  morphologically.  The  liver  is  uniformly 
packed  vath  hepatocytes.  Central  veins  are  seen  at  lower 
left  and  center.  A  bile  duct  is  seen  in  the  qpper  right. 

Figure  8.  Normal  mouse  liver,  a  higher  magnification.  Tte 
previous  section  was  examined  londer  higher  magnification. 
The  artery  is  situated  in  the  center.  Notice  tte  uniformity 
of  the  cells.  Staining  the  cells  with  hematoxylin  and  eosin 
reveals  the  hepatocytes  have  an  eosinophilic  cytoplasm  with 
well  defined  cell  membranes. 
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Figure  9.  The  liver  of  a  mouse  undergoing  acute  GVHD.  This 
liver  was  obtained  frcxn  a  (BIO  x  B10.BR)E^  mouse 
undergoing  acute  GVHD  induced  by  40  x  10  HBIO.BR 
splenocytes  at  day  10  of  the  reaction.  Perivascular  cuffing 
exists  along  the  central  vein.  Leukocytes  can  be  seen  along 
the  vein  as  well  as  infiltrating  the  parenchyna.  Tte  normal 
architecture  of  the  liver  appears  to  be  disturbed  with 
nunerous  vacoules  found  in  the  parenchyma. 

Figure  10.  A  higher  magnification  the  previous  liver. 
Leukocytes  have  infiltrated  along  the  bile  duct  and  have 
invaded  the  parenchyma.  Notice  tlie  loss  of  normal  cellular 
distribution.  The  hepatocytes  show  ooagulative  necrosis,  tte 
cytoplasm  of  the  oells  has  been  disrupted  with  only  nuclear 
remnants  left. 
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Figure  11  Tte  intestines  of  a  normal  itouse.  Tba   intestines 
of  a  normal  mouse  are  similar  to  those  found  in  a 
sublethally  irradiated  mouse  at  day  10,  although  there  is  a 
slight  (tecrease  of  (10  to  20%)  leukocytes  in  the  villi.  The 
intestine  here  shows  the  villi  are  intact  and  have 
leukocytes  along  the  lacteal s. 

Figure  12.  The  intestines  of  a  mouse  undergoing  acute  GVHD. 
A  sublethally  irradiated  (BIO  x  B10.BR)F,  mouse  was 
injected  with  40  x  10  BIO. BR  splenocytes  and  vas  examined 
on  day  10  of  the  reaction.  Epithelial  cells  are  still  along 
the  periphery  of  each  villus.  Necrosis  is  observed  in  the 
epithelium.  Tte  lacteals  are  remarkedly  devoid  of  leukocytes 
(90  to  95%). 
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membranes  was  pronounced.  Several  attempts  were  made  to 
extract  leukocytes  from  these  tissues,  unfortunately,  no 
cells  were  recovered. 

Histopathological  examination  of  the  whole  H-2  GVH 
spleens  on  days  6,  10,  and  15  days  postgrafting  revealed 
marked  atrophy  with  disruption  of  the  normal  white  pulp 
architecture,  similiar  to  results  found  in  the  sublethally 
irradiated  mice  (Figures  13  to  17).  However,  more  viable 
cells  (5  to  15  X  10   cells/spleen)  could  be  recovered  from 
these  types  of  spleens. 

G.    Pathology  of  I  or  K/D  region  disparate  GVHD 

In  I  region  GVHD  the  spleen  and  liver  appeared  to  have 
leukocytic  infiltrates  which  progressed  with  time.  The 
predominate  cell  type  found  in  the  spleen  was  the 
polymorphonuclear  leukocyte  (PMN)(70  to  90%).  The  intestines 
developed  abnormalities  in  the  second  week  after 
engraftment.  The  lesions  which  were  seen  in  these  animals 
were  never  as  severe  as  those  seen  in  whole  H-2  disparate 
GVHDs.  In  addition,  the  pathology  of  one  animal  in  a  given 
series  of  GVHD  was  at  times  dissimilar  to  that  seen  in 
another  animal  indicating  advanced  stages  of  disease 
occurred  in  some  animals  but  not  in  others.  Mice  died 
between  8  to  17  days  after  engraftment  (Figure  5). 


Figure  13.  The  spleen  fron  a  normal  mouse.  Tte  germinal 
centers  are  slightly  hypercellular ,  but  the  normal 
architecture  is  intact. 

Figure  14.  The  normal  spleen,  a  higher  magnification.  This 
section  here  displays  two  germinal  centers. 


55 


Figure  15.  The  spleen  of  an  aniital  undergoing  acute  GVHD.  A 
sublethally  irradiated  (BIQ  x  B10.BR)F,  mouse  was 
reconstituted  with  40  x  10  BIO  splenocytes.  The  aninial 
was  sacrificed  on  day  10  cf  the  reaction.  The  overall 
architecture  of  the  spleen  has  been  disrupted  and  appears  to 
be  identical  to  that  produced  by  a  sublethal  dose  of 
irradiation.  The   red  pulp  appears  to  be  repopulated  by 
cells. 

Figure  16.  A  higher  magnification  from  the  previous  tissue. 
Areas  are  fibrosed  with  collagen  deposition  and  have 
numerous  cells  in  the  area.  A  great  majority  of  the  cells 
appear  dead  and  this  is  confirmed  v^en  a  single  cell 
suspension  is  examined  using  trypan  blue  dye. 
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Figure  17.  Further  magnification  of  the  previous  spleen.  The 
cellular  infiltrate  of  this  area  appears  to  be  nononuclear 
in  origin.  Massive  amounts  of  necrotic  cells  appear  to  be 
observed  in  the  center  of  the  field. 

Figure  18.  A  cytocentrifuge  preparation  of  cells  obtained 
from  a  itouse  spleen  undergoing  acute  GVHD.  When  the  GVH 
spleen  is  passed  through  a  wire  screen  and  the  cells  are 
passed  over  fiooll  gradients,  to  ronove  the  dead  cells,  the 
reitaining  viable  cells  appear  to  show  a  variety  of  different 
cell  types,  this  figure  shows  that  about  50%  of  the 
recovered  cells  are  PMNs.  Several  lynphoblasts  are  found 
along  with  nurrerous  snnall  lynphocytes. 
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In  K/D  region  disparate  GVHD,  pathological  conditions 
similar  to  those  found  in  I  region  GVHD  were  seen;  only  the 
symptoms  of  the  disease  seemed  to  be  delayed  or  absent. 
Death  usually  occurred  from  days  10  to  20  and  some  mice 
survived  longer  than  four  months  (Figure  5).  Infiltrates 
were  found  in  the  spleen  and  liver;  again  the  predominant 
cell  type  recovered  was  the  PMN  (70  to  95%).  Intestines  were 
frequently  normal;  very  few  villi  were  dilated  and  depleted 
of  leukocytes.  However,  about  60%  of  the  animals  did  die  in 
an  emaciated  condition. 


H.    Cellular  composition  of  the  host  organs  undergoing 
GVHD  


Cytocentrifuge  preparations  of  single  cell  suspensions 
of  anti-H-2  GVH  spleens  revealed  40  to  50%  of  the  recovered 
viable  cells  were  PMNs,  while  50  to  60%  were 
lymphocyte/monocytes  (Figure  18).  Leukocyte  preparations 
extracted  from  the  livers  revealed  a  similiar  composition. 
Similar  preparations  of  anti-I  or  anti-K/D  region  GVH 
spleens  contained  70  to  90%  PMNs.  Culturing  the  leukocyte 
preparations  overnight  in  tissue  culture  medium  resulted  in 
the  majority  of  the  PMNs  dying,  thereby  facilitating 
isolation  of  the  lymphocyte/monocyte  population  on 
ficoll-isopaque  density  gradients  (d=1.077).  Of  the 
remaining  viable  cells,  30  to  35%  were  immunoglobulin 
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positive  (determined  by  cell  surface  immunofluorescence); 
55%  stained  for  the  Lyt  1  marker,  while  20%  stained  for  the 
Lyt  2  marker.  Monoclonal  anti-Thy  1.2  antibody  plus 
complement  killed  60%  of  the  cells  providing  evidence  that 
the  majority  of  the  cells  were  T  cells  bearing  the  Lyt  1 
marker. 

I-    Recovery  of  viable  lymphocytes  from  various 
histoincompatibility  differences 

The  number  of  viable  lymphocytes  out  of  the  spleen 
varied  depending  upon  the  genetic  disparity.  Table  4 
summarizes  these  findings.  The  spleens  of  the  hosts 
undergoing  GVHD  were  removed  on  day  5  of  the  GVH  reaction 
and  were  incubated  overnight;  the  remaining  viable 
lymphocytes  were  then  enumerated  the  next  day.  In  general, 
those  combinations  with  the  maximum  genetic  mismatch  (entire 
H-2  mismatched  reactions:  combinations  1  to  3 )  yielded  the 
most  lymphocytes/spleen:  2.5  to  5.1  x  10^.  Whereas  in 
those  combinations  which  differed  in  class  I  molecules 
produced  between  2.2  to  4.6  x  10^  lymphocytes/spleen 
(combination  6  and  7). 

Class  II  disparate  reactions  yielded  varying  numbers  of 
lymphocytes.  Those  combinations  which  were  directed  against 
the  I-A  molecule  yielded  the  most  cells/spleen 
(combination  8  and  9)  2.8  to  4.1  x  10^,  while  (BIO.GD  x 
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B10.MBR)F^  anti-BlO  (combination  10)  gave  the  least,  4.8  x 

5 
10   cells/spleen.  Thus,  it  appears  that  I  region  GVH 

reactions  are  the  most  variable  in  terms  of  obtaining  viable 

lymphocytes  from  the  fifth  day  of  the  GVH  reaction. 


J.    Functional  activities  of  leukocytes  obtained  from  GVH 
animals 


The  lymphocytes  recovered  from  these  GVH  affected 
tissues  were  then  tested  in  functional  tests  to  determine 
what  antigen(s)  the  recovered  lymphocytes  are  capable  of 
reacting.  Two  functional  tests  have  been  used:  1)  the  mixed 
lymphocyte  reaction/primed  lymphocyte  typing  test  which 
measures  the  ability  of  reactive  cells  to  proliferate 
against  foreign  histocompatibility  antigens,  2)  the  cell 


mediated  lympholysis  test  which  assays  the  ability  of  primed 
cells  to  lyse   Cr  le 
appropriate  antigens. 


cells  to  lyse   Cr  labeled  target  cells  possessing  the 


i.    Mixed  lymphocyte  reaction/primed  lymphocyte  test. 
BIO. BR  anti-(B10  x  B10.BR)F^  reaction 

The  spleen  cells  recovered  from  the  (BIO  x  B10.BR)F, 
mice  undergoing  GVHD  induced  by  BIO. BR  cells  were  found 
capable  of  proliferating  in  a  mixed  lymphocyte  reaction.  The 
kinetic  responses  of  these  lymphocytes  are  presented  in 
Figure  19.  The  activated  cells  reacted  to  BIO  (H-2'^) 
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cells,  expressing  antigens  of  the  F  host  to  which  the 

BIO. BR  lymphocytes  were  sensitized.  No  proliferative 

activity  was  directed  against  the  syngeneic  donor  cells 

which  initiated  the  GVH,  namely  BIO. BR  (H-2^) .  This 

indicates  that  the  host's  lymphocytes  are  not  proliferating 

against  the  donor  lymphocytes,  as  in  the  nonirradiated  F, 

animals  (see  Table  3).  Nor  is  reactivity  seen  against 

B10.D2,  an  unrelated  third  party  haplotype  (H-2^).  Some 

cross  reactivity  of  the  response  of  the  primed  cells  is  seen 

on  day  1,  but  this  is  not  considered  significant  because  of 

the  loss  of  activity  on  day  2.  The  optimal  peak  of  secondary 
3 
H-TdR  incorporation  of  either  MLR  or  GVH  primed  cells  is 

always  found  on  day  2.  Thus,  the  cells  do  not  seem  to  be 
capable  of  reacting  towards  antigens  which  are  different 
from  those  antigens  which  initially  triggered  the  GVHR;  and 
this  makes  this  reaction  appear  to  be  similiar  to  the  in 
v^tro  primed  lymphocyte  test  (PLT).  In  addition,  GVH 
activated  lymphocytes  do  not  react  towards  the  T  cell 
mitogens,  concanavalin  A  (Con  A)  and  phytohemagglutinin 
(PHA),  or  lipopolysaccharide  (LPS),  a  potent  murine  B  cell 
mitogen  (Table  5). 

(BIO  X  B10.BR)F^  hybrid  mice  reconstituted  with 
parental  BIO. BR  spleen  cells  normally  died  between  days  10 
to  14.  Cell  populations  recovered  from  the  spleens  and 
livers  of  mice  showing  signs  of  severe  GVHD  on  day  8  and  9 
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Table  5. 
Inability  of  GVH  primed  cells  to  respond  to  mitogens. 


H-TdR  incorporation  CPM+SD  (a). 


addition 

normal 

GVH 

normal  cells 

normal  cells 

cells 

primed 

treated  with 

treated  with 

(b) 

cells 

anti-Ohy+C' 

anti-I-A+C' 

(c) 

(d) 

(e) 

none 

4668+880 

1349+12 

6303+  - 

1477+  163 

Ccn  A(f ) 

54043+6244 

417+94 

2700+595 

22311+1345 

LPS  (g) 

98977+5401 

2531+81 

71110+655 

19737+  517 

a)  MLR  assays  were  harvested  at  48  hrs  following  a  12  hr  pulse 
with  1  nCi  H-TdR. 

b)  Spleen  cells  from  a  normal  healthy  mouse  (BIO. BR)  were  used 
in  this  study.  5  x  10  cells  were  placed  in  each  well  of  a 
microtiter  plate. 

c)  (BIO  X  B10.BR)F,  mice  were  sublethally  irradiated  and 
reconstituted  with  40  x  10  BlO.AQR  splenocytes.  The  mice 
were  sacrificed  on  day  5  after  reconstitution. 

d)  Normal  splenocytes  were  treated  with  anti-Thy  1.2  antibody  and 
oanplement  immediately  tefore  culturing  the  cells. 

e)  Normal  splenocytes  were  treated  with  anti-I-A  antibody  and 
complement  immediately  before  culturing  the  cells. 

f )  Concanavalin  A  dose  was  5  |ig/ml. 

g)  Lipopolysaccharide  dose  was  100  |ag/ml. 


"^wsipriwr"- 
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after  engraftment  were  compared  in  PLT  with  in  vitro 
activated  BIO. BR  anti-(B10  x  B10.BR)F-  PLT  cells.  As 
presented  in  Table  6,  major  differences  exist  in  the 
response  pattern  of  the  in  vivo  and  in  vitro  activated 
cell  populations.  Cells  obtained  from  either  the  spleens  of 
livers  of  the  F,  hybrids  undergoing  GVH  were  restimulated 
by  cells  from  strains  carrying  the  H-2   haplotype. 
However,  stimulation  with  cells  from  recombinant  strains 
possessing  either  the  H-2D   or  H-2K  antigens,  e.g. 
BIO.MBR,  B10.A(2R)  produced  little  if  any  reactivation  of 
proliferation,  and  no  cross  reactivity  was  observed  on 
unrelated  third  party  strains.  In  contrast,  MLR  generated 
PLT  cells  exhibited  strong  secondary  responses  to  strains 
carrying  the  H-2   haplotype  as  well  as  H-2   haplotype 
derived  K  and  D  region  antigens.  In  addition,  cross 
reactivity  on  unrelated  third  party  strains  was  observed 
such  as  BIO .T( 6R) . 

While  a  number  of  factors  may  account  for  the  different 
patterns  of  reactivity  exhibited  by  in  vivo  and  in  vitro 
primed  cells,  the  most  likely  one  is  the  protocol  used 
herein  to  obtain  responding  PLT  cell  populations  from  organs 
undergoing  GVH  reactivity.  Overnight  incubations  of  the  in 
vivo  primed  cells  in  the  presence  of  cell  debris  and  dying 
PMNs  could  alter  markedly  the  reactive  patterns.  To 
determine  the  effect  of  this  procedure,  cell  mixing 
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experiments  were  performed.  Responding  cell  populations 
primed  in  the  MLR  of  BIO. BR  responding  against  (BIO  x 
B10.BR)F,  were  mixed  with  equal  numbers  of  cells  removed 
from  the  spleens  of  (BIO  x  B10.BR)F^  mice  undergoing  GVH 
reactivity  following  reconstitution  with  BIO. BR  spleen 
cells.  Following  an  overnight  incubation,  this  mixed  cell 
population  was  tested  in  PLT  and  its  reactivity  compared  to 
the  responses  of  the  two  individual  cell  populations.  As 
shown  in  Table  7,  Column  3  the  mixed  cell  population 
exhibited  the  reactivity  of  the  in  vitro  primed  cell 
population  (Column  1). 

In  a  more  direct  approach  to  determine  if  differences 
arise  due  to  culture  artifacts,  cells  obtained  from  spleens 
undergoing  severe  GVHD  separated  on  Ficoll-Hypaque  density 
gradients  (d=1.101)  were  examined  directly.  This  procedure 
results  in  a  responding  purified  population  contaminated 
with  less  than  2%  PMNs .  As  shown  in  Table  7,  Column  4,  the 
responding  cell  population  obtained  in  this  manner  still 
exhibited  a  PLT  reactivity  identical  to  the  in  vivo  primed 
cells  which  had  been  incubated  overnight.  Thus,  the 
differences  in  the  reactivity  of  the  in  vivo  versus  in 
vitro  primed  cells  does  not  appear  to  be  dependent  on  the 
handling  of  the  cells. 

K  and  D  antigens  are  known  to  exist  on  every  cell  of 
the  body,  while  I  region  antigens  are  found  on  only  a 
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selected  set  of  cells  such  as  B  cells,  monocytes,  skin 
dendritic  cells  and  liver  Kupffer  cells.  The  possibility 
exists  that  the  cells  which  react  to  the  K  and  D 
antigens  are  filtered  out  before  they  home  to  the  spleen  or 
liver.  To  exclude  this  possibility,  embryonic  B6  mouse 
fibroblast  monolayers  were  established  and  passaged  three 
times.  These  cells  possess  the  K  and  D  antigens,  and 
do  not  express  the  I-A  antigen.  In  vitro  primed  BIO. BR 
anti-(BlO  X  B10.BR)F,  cells  were  then  incubated  for  2 
hours  on  this  monolayer  and  then  gently  rocked  off  the 
monolayer.  Approximately  one  half  of  the  primed  cells  were 
removed  by  this  treatment.  These  cells  as  well  as  a  sample 
of  the  original  primed  population  were  tested  in  PLT.  The 
results  shown  in  Table  8  show  that  both  populations  were 
still  capable  of  responding  to  the  K  and  D  antigens 
found  on  BlO.MBR  and  BIO.GD.  Although  cytotoxic  T  cell 
activity  was  not  tested  before  and  after  adsorption,  it 
appears  that  this  filtering  mechanism  does  not  occur  in 
vivo  because  cytotoxic  T  cells  are  found  in  vivo  in  the 
spleen  and  liver  and  that  they  do  respond  to  the  K  and 
D   antigens  (see  below). 

Treatment  of  the  in  vivo  primed  BIO. BR  anti-(BlO  x 
B10.BR)F,  cell  populations  with  anti-Thy  1.2  antibody  plus 

complement  totally  abolishes  the  PLT  reactivity  (Table  9). 

k 
Treatment  with  monoclonal  anti-I-A   antibody  plus 


Table  8. 
Absorption  of  MLR  primed  lynphocytes  fails  to  remove 
proliferative  responses  towards  K/D  antigens. 
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H- 

2  Genetics 

H-TdR  Incorporation  CPlVH-a)  (a) 

Stimulator 

Trea1 
none 

mient:   (b) 

strain 

K 

A 

J 

E 

D 

absorption 

none 

- 

- 

- 

- 

- 

8236+1126 

8478+2284 

BIO. BR 

k 

k 

k 

k 

k 

11043+1766 

9187+  184 

B6 

b 

b 

b 

b 

b 

88425+  648 

69299+6033 

B10.A(3R) 

b 

b 

b 

k 

d 

99479+3454 

83931+1179 

BIO.MER 

b 

k 

k 

k 

q 

15213+2087 

10245+2835 

BIO.GD 

d 

d 

b 

b 

b 

52650+   - 

47223+6376 

B10.A(4R) 

k 

k 

b 

b 

b 

15215+  42 

15057+1344 

a) 


b) 


PLTs  were  harvested  at  48  hrs  following  a  12  hr  pulse  with  1 
HCi  of  H-iaR. 

Primary  MLR  consisted  of  BIO. BR  splenocytes  incubated  with  BIO 
splenocytes  for  5  days.  An  aliqout  of  primed  cells  was 
incubated  for  2  hrs,  v\^ile  the  raraining  cells  were  incubated 
over  the  B6  fibroblast  monolayer  for  2  hrs.  After  the 
incubation  the  cells  were  gently  rocked  from  the  plate  and  the 
lyn^oblasts  were  recovered.  The  fibroblast  monolayer  was  nade 
by  taking  B6  anbryoes  and  mincing  them  into  single  cell 
suspensions  using  a  0.5%  trypsin  solution.  The  fibroblast 
monolayer  was  passaged  three  times  during  a  period  of  18  days. 
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Table  9. 
The  PLT  activity  of  GVH  primed  cells  after  treatment  with  various 
monoclonal  antibodies  plus  conplement. 


H-'MR  incorporation  CPM  +SD  (a) 


stimulator 
cells 


primed  cells 
treated  with 
C  (b) 


none 

BIO 

BIO. BR 

(BlOxBlO.BR)F 

B10.A(3R) 

B10.A(4R) 

B10.A(5R) 


604+382 
6409+175 

649+  69 
6361+239 
5478+  59 

623+  45 
3320+494 


primed  cells 

treated  with 

anti-Thy  +  C 

(c) 


1574+544 
1490+  37 
1762+  50 
1701+  33 
1619+  67 
1152+183 
1128+  79 


primed  cells 
treated  with 
anti-I-A  +  C 
(d) 


1778+266 
16711+880 

2252+  47 
17570+544 
14862+145 

3360+771 
13892+951 


a)  GVH  reactivity  vas  induced  in  sublethally  irradiated  (BIO  x 
B10.ER)F^  mice  with  BIO. BR  splenocytes.  Eight  days  later  the 
spleens  of  these  animals  were  ronoved  and  prepared  into  a 
single  ^11  suspension  and  used.  The  cultures,  consisting  of 
30  X  10  cells  per  well, were  pulsed  with  1  |aCi  of  H-TdR 

for  8  hrs  on  day  2  of  the  reaction. 

b)  Spleen  cells  recovered  from  the  GVH  reaction  were  treated  with 
rabbit  complanent  alone. 

c)  Spleen  cells  recovered  from  the  GVH  reaction  were  treated  with 
anti-Thy  antibody  plus  complement  immediately  before 
culturing. 

d)  Spleen  cglls  recovered  from  the  GVH  reaction  were  treated  with 
anti-I-A  antibody  plus  complement  immediately  before 
culturing. 
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complement  (kills  60%  BIO. BR  splenocytes  and  5%  BIO 
splenocytes)  a  procedure  which  enriches  for  T  lymphocytes  by 
depleting  the  30  to  40%  contaminating  B  lymphocytes, 
increased  responsiveness  in  those  combinations  already 
exhibiting  a  positive  response,  but  did  not  produce 
reactivity  against  strains  which  showed  negative  responses. 

C57BL6  anti-BALB/c  reaction 

Irradiated  BALB/c  mice  reconstituted  with  B6  spleen 
cells  normally  died  by  day  9  to  10  after  engraftment.  The 
pathology  was  identical  to  that  found  in  the  BIO. BR  anti- 
(BIO  X  B10.BR)F^  combination.  Cell  populations  recovered 
from  the  spleens,  livers  and  lymph  nodes  on  day  6  were 
tested  in  PLT  for  their  ability  to  mount  a  secondary 
proliferative  response.  As  can  be  seen  in  Table  10,  all 
three  populations  exhibited  strong  proliferative  responses 
against  cells  from  mice  possessing  the  H-2   haplotype, 
e.g.  BALB/c  and  DBA/2  or  from  mice  possessing  the  H-2K 
and  I-A   regions,  e.g.  BIO.GD.  Little,  if  any  significant 
reactivity  was  elicited  against  third  party  strains 
including  those  expressing  H-2D   region  antigens,  e.g. 
BIO.AOR),  B10.A(5R)  and  B10.T(6R).  Thus,  these 
alloactivated  cells  appear  to  recognize  primarily 
determinants  encoded  by  genes  located  on  the  left  side  of 
the  H-2  complex. 
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Secondary  responses  of  B6  anti-BALB/c  PLT  primed  cells 
primed  in  MLR  are  also  included  in  Table  10  for  comparison. 
These  cells  exhibited  a  quite  different  pattern  of 
reactivity  from  GVH  primed  cells.  Strongest  responses  were 
elicited  against  strains  possessing  the  H-2   haplotype  or 
the  H-2K  and  I-A   regions;  however,  strong  responses 
also  occurred  against  strains  possessing  the  H-2D   region 
antigens.  In  addition,  cross  reactivity  against  a  number  of 
unrelated  third  party  strains,  e.g.  B10.A(2R),  SWR  and  AKR, 
was  observed. 


The  BIO.RIII  anti-BlO .A( 5R)  reaction 

In  another  whole  H-2  disparate  GVH,  BIO.RIII  anti- 
B10.A(5R),  similar  results  were  found  (Table  11)  like  those 
in  the  two  previous  combinations.  The  MLR  generated  primed 
cells  respond  towards  the  K  and  I-A  antigens  present 
on  B10.A(5R)  and  B6  mice.  Strong  stimulation  was  also  found 

on  mouse  cells  possessing  the  K   antigen  BIO.MBR  as  well 

k      d 
as  the  I-E  and  D   antigens,  e.g.  BIO. A,  BIO.AQR, 

BIO.TL,  BIO.SOR),  A.TFR5,  B10.M(17R)  and  BIO. BR.  In 

contrast,  GVH  primed  cells  only  recognized  the  B10.A(5R)  and 

B6  mouse  cells.  The  lack  of  a  response  to  the  BIO.MBR  cells 

apparently  eliminates  stimulation  due  to  the  K  antigen. 


Table   11. 
Canparison  of  PLT  of  BIO.RIII  anti-BlO.A(5R)  cells 
generated  either  in  MLR  or  in  GVH. 
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H- 
K~ 

■2  Genetics 
A  J  E  D 

^H-TdR 

Incorporation  CEMfa)  (a) 

Stimulator 
Strains 

In  vitro  primed 
cells  (b) 

In  vivo  primed 
cells  (c) 

none 

- 

- 

- 

- 

- 

3832+ 

2227 

489+  257 

BIO .RIII 

r 

r 

r 

r 

r 

4229+ 

858 

151+  23 

B10.A(5R) 

b 

b 

d 

d 

d 

85395+  1382 

30006+  168 

B6 

b 

b 

b 

b 

b 

93669+  1283 

26426+4045 

B10.D2 

d 

d 

d 

d 

d 

51594+ 

7504 

5886+1625 

BIO .AQR 

q 

k 

k 

k 

d 

66655+ 

2270 

2873+1453 

BIO  .A 

k 

k 

k 

k 

d 

57325+ 

49 

1704+   - 

BIO.TL 

s 

k 

k 

k 

d 

52795+15596 

2814+1071 

BIO.SOR) 

s 

s 

k 

k 

d 

28573+ 

3896 

468+  251 

A.TFR5 

f 

f 

- 

k 

d 

32065+ 

8188 

374+  173 

BIO.MER 

b 

k 

k 

k 

q 

43565+ 

1493 

2398+  155 

B10.M(17R) 

k 

k 

k 

k 

f 

27360+ 

2955 

1533+1327 

BIO. BR 

k 

k 

k 

k 

k 

20357+ 

3594 

3608+  91 

B10.A(4R) 

k 

k 

b 

b 

b 

19194+ 

1996 

610+   1 

BIO.GD 

d 

d 

b 

b 

b 

21432+ 

2476 

997+  250 

BIO.WB 

J 

J 

j 

j 

b 

8476+ 

- 

888+  347 

B10.M 

f 

f 

f 

f 

f 

11401+ 

2331 

1148+  286 

a)  ELTs  were  harvested  at  48  hrs  following  a  12  hr  pulse  with  1 
|jCi  of  H-TdR. 

b)  Primary  iMLR  consisted  of  BIO.RIII  splenocytes  incubated  with 
irradiated  B10.A(5R)  splenocytes  for  6  days. 

c)  GVH  reactivity  v^as  induced  in  sublethally  irradiated  B10.A(5R) 
mice  with  BIO.RIII  splenocytes.  On  day  5,  the  spleens  were 
collected,  made  into  a  single  cell  suspension  and  cultured 
overnight  prior  to  use. 
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Again,  the  GVH  primed  cells  display  a  more  restricted 

response  pattern  than  do  primed  cells  established  in 

vitro. 

The  BIO.GD  anti-BlO .M(17R)  and  BIO .WB  anti-BlO .M(17R) 

reactions 

Two  other  genetic  combinations  with  H-2  disparate 
regions  studied  were  BIO.GD  anti-BlO .M( 17R)  and  BlO.WB  anti- 
BlO.MdVR)  as  shown  in  Table  12.  Both  in  vitro  primed  cell 

populations  responded  towards  cells  from  mice  which 

k    k      f 
possessed  either  the  K  ,I-A   or  D   molecules.  In 

contrast,  the  GVH  primed  cells  reacted  only  to  those  cells 

which  possessed  the  I-A  molecule,  e.g.  BIO. BR, 

B10.M(17R),  BIO.MBR,  BlO.AQR  and  B10.A(4R).  Although  minor 

•  ■  k      f 

reactivity  is  seen  against  E  and  D  molecules,  the  GVH 

primed  cells  clearly  did  not  respond  to  the  same  magnitude 

as  the  in  vitro  primed  cells  do. 

Even  though  the  BIO.GD  anti-BlO .M( 17R)  and  BlO.WB  anti- 

B10.M(17R)  reactions  are  directed  against  the  B10.M(17R) 

haplotype,  these  two  in  vitro  reactions  are  not  identical. 

The  BIO.GD  anti-BlO .M( 17R)  primed  cells  recognized  some 

determinants  which  the  BlO.WB  anti-BlO .M( 17R)  primed  cells 

did  not,  such  as  those  found  on  the  BIO.F  cells.  What  these 

determinants  are  is  not  readily  distinguished  from  the 

present  data.  However,  this  antigenic  determinant  is  readily 

detected  by  the  in  vivo  primed  cells  giving  some 
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possibility  that  these  cross  reactions  could  either  be  due 
to  cross  reactivity  to  the  I-A^  molecule  which  is  common 

to  the  I-A  molecule  or  that  the  I-E^  cross  reacts  with 

]^ 
the  I-E  molecule.  The  latter  explanation  is  favored 

because  the  BlO.GD  does  not  express  the  I-E  molecule  and  is 

therefore  capable  of  recognizing  the  entire  I-E  molecule  as 

foreign,  while  the  BIO.WB  animal  does  express  the  I-E 

molecule  and  does  not  have  to  respond  to  an  entire  I-E 

molecule  as  would  the  BlO.GD  cells. 

The  B10.M(17R)  anti-BlO.GD  and  BIO.WB  anti-BlO.GD  reactions 
When  another  set  of  whole  H-2  reactions  is  established 
against  the  BlO.GD  mouse  [B10.M(17R)  anti-BlO.GD  and  BIO.WB 
anti-BlO.GD]  a  different  pattern  of  data  is  seen  (Table  13). 
The  predominate  in  vitro  stimulatory  antigens  come  from 
the  left  side  of  the  H-2  complex,  i.e.  K  and  I-A  as 
exhibited  by  BlO.GD  and  B10.D2.  Reactivity  is  also  observed 
on  B6,  BIO.AOR)  and  B10.A(4R)  cells  which  possess  the 
I-J   and  D  antigens.  In  addition,  cross  reactivity  on 
the  I-A  molecule  is  also  postulated  for  the  B6  and 
BIO.AOR)  cells,  but  these  responses  to  the  antigens  do  not 
seem  to  be  additive  when  compared  to  the  B10.A(4R)  response, 
This  cross  reactivity  on  I-A  could  be  due  to  the  shared 
antigens  Ia8  and  Ial5  which  I-A   has  in  common  with  I-A 
to  which  the  I-A  molecule  lacks.  In  addition,  the  GVH 
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primed  cells  also  appear  to  recognize  these  antigens,  since 
GVH  primed  cells  apparently  only  respond  to  I  region 
antigens.  Thus,  this  cross  reactivity  is  likely  to  be  due  to 
class  I  antigens. 

Interestingly,  the  in  vitro  B10.M(17R)  anti-BlO.GD 
reaction  appears  to  detect  a  cross  reaction  on  the  K^ 
molecule,  since  BIO.TL,  BIO.S,  BIO.SOR)  and  BIO.HTT  cells 
induce  stimulation  by  the  primed  cells.  In  contrast,  the  GVH 
primed  cells  do  not  appear  to  recognize  this  cross 
reactivity;  again  the  response  seen  by  the  GVH  primed  cells 
is  different  from  those  of  the  MLR  generated  cells.  These 
cross  reactions  to  K^  which  are  seen  by  the  in  vitro 
primed  B10.M(17R)  anti-BlO.GD  cells  are  not  seen  by  the  in 
vitro  primed  BIO.WB  anti-BlO.GD  cells. 

The  I  region  GVH  reactions 

A  number  of  mouse  strain  combinations  exists  with 
limited  I  region  disparity.  Two  of  the  most  extensively 
studied  combinations  are  B10.A(4R)  responding  against 
B10.A(2R),  two  congenic  lines  differing  genetically  between 
the  H-2  I-A  and  D,  and  BIO.AQR  responding  against  B10.T(6R), 
two  congenic  lines  differing  genetically  throughout  the  I 
regions.  These  two  combinations  are  considered  to  represent, 
respectively,  an  anti-I-E^  and  anti-I-A^  response.  The 
secondary  MLR  responses  of  B10.A(4R)  anti-BlO .A( 2R)  and 
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BIO.AQR  anti-(B10.T(6R)  x  B10.AQR)F   PLT  obtained  from  10 
day  GVH  spleens  or  primary  MLR  are  examined  in  Table  14. 

As  presented  in  Table  14,  the  PLT  cells  generated  in 
MLR  exhibited  strong  responses  against  the  primary 
stimulating  strains  as  well  as  strong  cross  reactivity  on 
third  party  strains.  For  example,  in  the  B10.A(4R)  anti- 

B10.A(2R)  reaction  the  specific  antigen  is  I-Ea^6^,yet 

k  s 
BIO.HTT  which  has  I-Eq  q      is  recognized  by  the  in 

vitro  primed  cells  as  well  as  the  BIO.RIII  cells.  Likewise, 

a  great  deal  of  cross  reactivity  is  seen  by  the  BIO.AQR 

anti-(B10.T(6R)  x  B10.AQR)F^  reaction,  a  reaction 

supposedly  directed  at  the  I-A^  molecule.  Mouse  cells  from 

BIO,  B10.S(7R),  BIO.M  and  BIO.RIII  mice  elicit  a  response  by 

these  primed  cells.  Again  as  was  demonstrated  with  the  other 

reactions  the  GVH  primed  cells  demonstrate  marked 

specificity.  In  the  B10.A(4R)  anti-BlO .A( 2R)  reaction  the 

GVH  primed  cells  only  respond  to  the  specific  antigen: 

k  k 
I-E   a  6  found  on  BIO.AQR,  B10.A(2R)  and  BIO. A.  While 

in  the  BIO.AQR  anti-BlO .T( 6R)  reaction  only  those  cells 

possessing  the  I-a'^  molecule  found  on  B10.T(6R)  and  DBA/1 

cause  restimulation. 

K/D  region  GVH  reactions 

Two  strains  namely  BlO.MBR  and  A.TL  possess  genetic 
differences  at  only  K  and  D  loci.  The  MLR  and  GVH  reactivity 
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of  these  combinations  have  been  examined.  Results  from  the 
reaction  of  BlO.MBR  responding  against  (BlO.MBR  x  A.TDF, 
hybrids,  which  involves  a  haplotype  mismatch  at  both  the  K 
and  D,  is  presented  in  Table  15.  PLT  cells  generated  in 

vitro  exhibited  strong  secondary  responses  against  third 

s   d 
party  strains  expressing  K  /D  antigens,  syngeneic  with 

the  primary  stimulating  antigens.  No  cross  reactivity  was 

observed  with  other  haplotype  products.  Such  specific 

reactivity  against  class  I  products  is  well  documented.  In 

contrast,  it  has  not  been  possible  to  obtain  primed  cells 

from  organs  undergoing  GVH  in  K/D  disparate  combinations 

s     d 
which  will  proliferate  against  K  or  D   region  antigens 

in  PLT,  despite  the  fact  that  the  mice  are  dying  from  GVHD. 


Another  class  I  mismatched  reaction  was  explored  on  a 
gross  mortality  level,  namely  the  B6  anti-B6    reaction 
and  the  B6    anti-B6  reaction.  This  combination 
represents  a  mismatch  directed  at  a  variant  K  molecule. 
The  K  molecule  found  on  B6    cells  represents  a  K 
molecule  with  2  amino  acid  substitutions  (Wakeland,  personal 
communication).  The  reactions  observed  proved  to  be  one  way 
reactions:  one  half  of  the  B6    mice  reconstituted  with 
B6  cells  died  within  the  first  15  days  of  the  reaction, 
while  none  of  the  B6  mice  reconstituted  with  the  B6 
cells  succumbed  to  death.  Thus,  a  variant  molecule  is 


l^le  15. 
Canparison  of  PLT  of  BIO.MBR  anti-(A.TL  x  B10.MBR)F,  cells 
generated  either  in  MLR  or  in  GVH. 
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i'- 

H-TdR  Incorporation 

CPM+SD  (a) 

t               stimulator 
Strains 

H- 

2  Genetics 

In  vitro  primed   In 
cells  (b) 

vivo  primed 

K 

A 

J 

E 

D 

cells  (c) 

BIO.MBR 

b 

k 

k 

k 

q 

1921+  37 

397+  57 

(A.TLXB10.MBR) 

b 

k 

k 

k 

q 

^1 

s 

k 

k 

k 

d 

21241+2715 

264+  15 

BIO.TL 

s 

k 

k 

k 

d 

28455+2710 

203+  40 

B10.S(7R) 

s 

s 

s 

s 

d 

26055+  121 

- 

BIO.SOR) 

s 

s 

k 

k 

d 

20570+1066 

257+  7 

BIO .HTT 

s 

s 

s 

k 

d 

24706+  610 

258+  35 

B10.T(6R) 

q 

q 

q 

q 

d 

21645+  227 

240+  57 

B10.D2 

d 

d 

d 

d 

d 

27624+1587 

184+  4 

BIO 

b 

b 

b 

b 

b 

4597+  264 

135+132 

BIO.  BR 

k 

k 

k 

k 

k 

4661+  184 

365+100 

BIO.GD 

d 

d 

b 

b 

b 

5653+  938 

243+  25 

a)  PLTs  were  harvested  at  48  hrs  following  a  12  pulse  with  1  piCi 
of  H-TdR. 

b)  Primary  MLR  consisted  of  BIO.MBR  splenocytes  incubated  with 
irradiated  (A.TL  x  B10.MER)F,  splenocytes  for  7  days. 

c)  GVH  reactivity  was  induced  in  sublethally  irradiated  (A.TL  x 
B10.MER)F,  mice  with  BIO.MBR  splenocytes.  On  day  6,  the 
spleens  were  collected,  itade  into  a  single  cell  suspension  and 
cultured  overnight  prior  to  use. 
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sufficient  to  induce  lethal  GVHD,  but  for  some  unknown 
reason  the  individual  possessing  the  variant  molecule  is  not 
capable  of  producing  a  lethal  reaction  in  those  animals 
which  possess  the  parent  molecule. 

Minor  histocompatibility  GVH  reactions 

In  the  in  vitro  MLR  system  there  exists  another 
antigenic  system  which  is  known  to  cause  strong  T  lymphocyte 
proliferation  similar  to  I  region  antigens.  This  system  has 
been  termed  Mis.  The  Mis  antigen  system  was  originally 
described  by  Festenstein  (97,  98,  99)  by  using  the  primary 
MLR  on  H-2  identical  mice.  The  original  reaction  came  from 
the  combination  BALB/c  anti-DBA/2.  Later  by  using  the  F^ 
tests  and  PLT  assays  other  various  mouse  strains  have  been 
given  Mis  designations. 

BALB/c  (Mis  )  cells  which  express  the  silent  Mis 
allele  are  able  to  respond  against  cells  which  have  the 
Mis   antigen  such  as  is  found  on  DBA/2  cells.  Indeed,  in 
vj-tro  primed  cells  appear  to  be  able  to  proliferate  towards 
mouse  strains  which  apparently  are  Mls^  positive,  i.e. 
DBA/2,  Dl.C,  AKR  and  possibly  SEA  (Table  16).  In  addition, 
positive  reactions  are  also  seen  on  Mls'^  positive  cells: 
CBA/J  and  RF.  Likewise,  Festenstein  has  given  the  mice 
DBA/2,  Dl.C,  NZB,  SM,  DBA/1  and  AKR  the  designation  Mls^, 
while  CBA/J  and  RF  are  Mls'^  (101)  and  these  two 


Table  16. 
Canparison  of  PLT  of  BALB/c  an ti -DBA/2  cells  generated 
in  either  MLR  or  in  GVH. 
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H-2 

Mis 

H-TdR  Incorporation  CIMfSD  (a) 

Stimulator 
strain 

In  vitro  primed 
(b) 

In  vivo  primed 
(c) 

none 

- 

- 

309+   8 

1819+684 

BALB/c 

d 

b 

10615+  496 

1610+180 

SBC 

d 

b 

42867+3975 

1713+  25 

SEA 

d 

a 

90114+2165 

1905+373 

DBA/2 

d 

a 

80777+2568 

5390+231 

Dl.C 

d 

a 

92882+3137 

3438+484 

BIO. BR 

k 

b 

- 

1735+412 

CBA/Ca 

k 

b 

- 

2072+911 

RF 

k 

d 

83890+2890 

— 

CBA/J 

k 

d 

- 

3534+  54 

C3H/He 

k 

c 

34850+1975 

1934+  23 

a)  PLTs  were  harvested  at  48  hrs  following  a  12  hr  pulse  with  1 
HCi  of  H-TdR. 

b)  Priitary  MLR  consisted  of  BALB/c  splenocytes  incubated  with 
irradiated  DBA/2  splenocytes  for  6  days. 

c)  GVH  reactivity  v,qs  induced  in  sublethally  irradiated  DBA/2 
mice  with  BALB/c  splenocytes.  On  day  5,  the  spleens  were 
collected,  nade  into  a  single  cell  suspension  and  cultured 
overnight  prior  to  use. 
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designations  cross  react  strongly  and  are  possibly  the  same 
antigen  (100,  101).  However,  since  SEA  induced  strong 
secondary  proliferation,  its  Mis  phenotype  is  assumed  to  be 
either  Mis      .  Similar  findings  are  exhibited  by  B10.D2 
anti-DBA/2  primed  cells  (Table  18  column  3). 

As  is  the  case  found  in  I  region  GVH,  Mis  disparate 
GVHs  produced  very  few  lymphoblasts  in  the  spleen  but  an 
increased  amount  of  PMNs  frequently  interferes  with  PLT 
assays.  However,  GVH  primed  cells  do  appear  to  proliferate 
when  Mis   or  Mis   positive  cells,  e.g.  DBA/2,  Dl.C,  SEA 
and  (RF  or  CBA/J)  are  cultured  with  the  primed  cells  (Table 
16  Column  2) . 

Another  Mis  disparate  GVH  was  established  using  CBA/Ca 
(Mis  )  cells  reacting  against  AKR  (Mls^)  cells.  The 
results  are  shown  in  Table  17.  In  this  experiment  positive 
results  are  seen  by  proliferation  responses  against  AKR, 
DBA/2  and  SEA  cells.  Again  this  reaction  shows  weak 
responses  directed  against  the  Mls^  determinant  in 
contrast  to  the  in  vitro  reactions  where  strong  responses 
are  demonstrated. 

Whereas  the  in  vivo  primed  cells  failed  to  yield 
large  numbers  of  primed  cells  towards  minor 

histocompatibility  antigens  such  as  Mis,  it  was  possible  to 
examine  and  define  Mis  antigens  carried  by  various  mouse 
strains  by  utilizing  in  vitro  MLR  primed  cells.  From  the 
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Table  17. 
Canparison  of  PLT  responses  of  CBA/Ca  anti-AKR  generated  in 

either  MLR  or  in  GVH. 


H-2 

Mis 

H-TdR  incorporation  CPM  +SD  (a) 

Stimulator 

In  vitro  primed 

In  vivo  primed 

cells 

(b) 

(c) 

none 

- 

- 

4919+  152 

1317+  199 

CBA/Ca 

k 

b 

4137+  311 

1381+  227 

BIO. BR 

k 

b 

3315+  365 

1990+  75 

AKR 

k 

a 

89997+2524 

6811+  72 

C3H/He 

k 

c 

21202+  53 

1385+  349 

BALB/c 

d 

b 

44178+7094 

3535+  116 

B10.D2 

d 

b 

20362+  113 

4488+  226 

SBC 

d 

b 

23793+  714 

4832+  503 

DBA/2 

d 

a 

97441+2568 

10155+1014 

SEA 

d 

a 

67067+1496 

7502+1318 

a)  PLTs  were  harvested  at  48  hrs  following  a  12  hr  pulse  with  1 
|iCi  of  H-TdR. 

b)  Primary  MLR  consisted  of  CBA/Ca  splenocytes  incubated  with 
irradiated  AKR  splenocytes.  PLT  cells  were  collected  on  day  5. 

c)  Sublethally  irradiated  AKR  mice  received  CBA/Ca  splenocytes. 
At  9  days  after  reconstitution,  the  spleens  were  collected, 
prepared  into  a  single  cell  suspension  and  cultured  overnight 
prior  to  use. 
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reactions  described  here,  BALB/c  anti-DBA/2  (Table  16)  and 
CBA/Ca  anti-AKR  (Table  17),  PLT  analysis  have  identified 
DBA/2,  Dl.C,  RF,  AKR,  and  SEA  as  being  Mis  similar. 

When  further  experimentation  was  performed  on  the 
genetics  of  the  Mis,  it  was  noted  that  this  system  is  not  as 
simple  as  it  was  inititially  described.  For  example,  when 
F^  hybrid  mice  were  constructed  [(B10.D2  x  AKR)F  and 
(BALB/c  X  AKR)F^]  so  that  the  Mls^  antigen  was  blocked 
out  by  the  AKR  background,  these  F^  mice  demonstrated 
strong  proliferation  against  DBA/2  cells.  This  would 
indicate  that  another  antigen  is  capable  of  causing  in 
vitro  proliferation  other  than  Mis  and  H-2.  Further  studies 
have  shown  that  SEA  and  NZB  probably  lack  this  antigen  or 
antigens  because  they  also  are  capable  of  recognizing  DBA/2 
and  Dl.C  cells  in  PLT  assays  (Table  18  columns  4  and  5). 

Additional  experiments  have  shown  that  different 
strains  of  mice  may  recognize  minor  histocompatibility 
antigens  in  the  context  of  the  H-2  antigens.  For  example,  in 
Table  19  the  BIO. PL  anti-PL  and  BlO.SM  anti-SM  combinations 
produce  good  primary  reactions  only  in  one  direction  and  the 
primed  cells  respond  in  PLT  assays.  From  PLT  assays,  it 
appears  that  the  Mis  '^   antigens  are  responsible  for  some 
of  the  stimulation  which  is  observed  because  the  primed 
cells  respond  towards  cells  from  DBA/2,  SEA,  Dl.C,  AKR  and 
NZB. 
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Table  19. 
Surtmary  of  minor  histoccmpatibility  in  vitro  assays  in 

inbred  H-2  mice. 


Reaction: 


H-2        Priitary  Reaction  (a) 


PLT  (b) 


BIO. PL  anti-PL 

u 

PL  anti-BlO.Hi 

u 

B10.3y[  anti-a4 

V 

3A  anti-BlO.SM 

V 

BIO.S  anti-SJL 

s 

SJL  anti-BlO.S 

s 

C3H.^©  anti-BlO.F 

p 

BIO.F  anti-C3H.ISB 

p 

SWR  anti-BlO.Q 

q 

SWR  anti-DBAA 

q 

BIO.Q  anti-SWR 

q 

BIO.Q  anti-DBAA 

q 

(BlO.BRxSWR)F 
anti-SWR 

q 

BALB/c  anti-DBA/2 

d 

B10.D2  anti-DBA/2 

d 

SEA  anti-DBA/2 

d 

SEC  anti-DBA/2 

d 

NZB  anti-DBA/2 

d 

AKR  anti-CBA/J 

k 

AKR  anti-C58 

k 

CBA/J  anti-C58 

k 

CBA/J  anti-AKR 

k 

C58  anti-CBA/J 

k 

C58  anti-AKR 

k 

AKR  anti-RF 

k 

CBA/Ca  anti-AKR 

k 

+ 
+ 

+ 
+ 


+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 


+ 
+ 

+ 
+ 


a)  The  ability  to  generate  a  positive  primary  MLR  is  demonstrated 
by  either  +  or  -. 

b)  The  ability  of  the  primed  lyn^ocytes  to  respond  and  give  a 
specific  PLT  is  detionstrated  by  either  +  or  -. 
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a  k 

Using  mice  carrying  the  H-2^  and  H-2   haplotype 

strange  reactions  are  found.  In  the  H-2^  system,  SWR 

reacts  strongly  to  DBA/1  and  BlO.Q,  BlO.Q  reacts  strongly  to 

SWR  and  DBA/1,  while  (BIO. BR  x  SWR)F   reacts  strongly  to 

SWR.  Despite  these  strong  primary  reactions  with  large 

numbers  of  blast  cells,  no  specific  PLT  reactivity  has  been 

obtained  to  date.  These  primed  cells  recognize  self  as 

strongly  as  they  recognize  the  original  stimulating  cells. 

Likewise  in  the  H-2   system  certain  combinations  yielded 

good  primary  MLRs,  yet  no  specific  PLT  activity  was 

obtained.  The  possibility  exists  that  the  primary  reaction 

was  still  continuing  when  the  primed  cells  were  taken  and 

this  would  explain  why  no  specific  pattern  was  detected. 

However,  this  explanation  does  not  appear  likely,  since 

these  primed  cells  could  be  extracted  2  weeks  after  the 

culture  was  established  and  the  cells  have  had  sufficient 

time  to  revert  back  to  small  lymphocytes.  Again  these  cells 

failed  to  show  any  specific  proliferation. 

Another  combination  yeilding  interpretable  results  was 

SJL  reacting  against  BIO.S.  Here  the  primed  cells  reacted 

against  BIO.S,  CE  and  C58,  whereas  AKR,  DBA/2,  SM,  PL  and 

CBA/J  cells  did  not  induce  any  proliferation  by  these  primed 

cells.  Thus,  it  appeared  there  may  be  another  minor 

histocompatibilty  reaction  which  did  not  appear  to  involve 

the  Mis  system. 
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ii.   Cell  mediated  lympholysis  assays 

Results  of  the  PLT  tests  in  entire  H-2  mismatched 
combinations  raised  the  question  of  whether  any  reactivity 
against  K/D  antigens  in  vivo  could  be  found.  For  this 
reason  cells  recovered  from  organs  undergoing  GVH  in  each 
combination  were  tested  for  cytolytic  activity  in  CML 
against  targets  expressing  K/D  (or  I)  antigens  syngeneic 
with  the  primary  stimulating  cells. 

BIO. BR  anti-(B10  x  B10.BR)F   reaction 

Results  presented  in  Table  20  using  the  BIO. BR  anti- 
(BIO  X  B10.BR)Fj^  system  indicate  that  killer  cells  can  be 
recovered  from  the  spleen  on  day  5  of  the  GVH  reaction.  MLR 
generated  cells  lysed  cells  which  express  either  the  K*^  or 
D  ,  e.g.  BIO.MBR  and  B10.A(2R).  Cells  recovered  from  the 
GVH  spleen  were  capable  of  similar  patterns  of  killing  as 
exhibited  by  the  MLR  generated  killer  cells.  If  the  cells 
were  cultured  overnight  to  get  rid  of  the  PMNs,  no  killing 
activity  was  exhibited.  However,  if  these  cells  were 
cultured  overnight  with  EL-4  derived  interleukin  2,  killing 
activity  was  retained,  but  restricted  to  the  cells  which 
possess  the  K   antigen. 
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C57BL/6  anti-BALB/c  reaction 

The  results  presented  in  Table  21  compare  the  CML 
reactivity  of  primed  B6  (H-2  )  cells  generated  against 
BALB/c  (H-2  )  cells  derived  from  either  a  mixed  lymphocyte 
reaction  or  from  animals  undergoing  GVHD  from  day  5.  Both 
sets  of  GVH  primed  cells  lysed  those  cells  which  express  the 
host's  K   or  D   antigens  as  found  on  BALB/c,  BIO.GD, 
BIO. A,  B10.T(6R)  and  BIO.SOR),  but  did  not  lyse  the  B6 
cells  or  unrelated  third  party  strains  such  as  B10.A(2R). 
lysed. 

The  killing  activity  of  GVH  primed  cells  appeared  to  be 
identical,  whether  these  cells  resided  in  the  spleen  or  the 
liver  (Table  21  column  3  and  4).  The  surface  phenotypes  of 
both  GVH  populations  are  Lyt  1+  (60  to  70%),  Lyt  2+  (20%) 
and  Ig+  (20  to  30%).  In  addition,  both  sets  of  cells 
proliferate  only  towards  the  I-A  antigen  (data  shown  in 
Table  10).  Thus,  both  sets  of  GVH  primed  cells  apparently 
are  identical,  with  the  only  difference  being  that  they  were 
isolated  from  two  different  organs. 

Prior  treatment  of  the  splenic  cytotoxic  cells  with 

monoclonal  anti-Thy  1.2  (HO-13-4)  plus  complement  abolishes 

.  .  51 

the  ability  of  these  cells  to  lyse   Cr  labeled  BALB/c  and 

BIO.GD  targets  (Table  21  column  5).  Addition  of  anti-Lyt  2 
antibody  (53-6.7)  but  not  anti-Lyt  1  antibody  (53-13.3)  to 
CML  culture  also  inhibits  the  lysis  of  targets  similar  to 
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that  reported  previously  (102,103).  In  addition,  cytotoxic 
cells  derived  from  GVH  animals  must  be  maintained  with 
exogenous  interleukin  2;  otherwise  killing  activity  is  lost, 
From  these  findings  it  appears  that  cytotoxic  T  cells  are 
indeed  present  in  either  the  spleens  or  the  livers  of 
animals  undergoing  acute  GVHD  across  an  entire  H-2 
haplotype. 


BIO.MBR  anti-(A.TL  x  B10.MBR)F   reaction 

In  a  set  of  experiments  involving  incompatibility  at 
the  H-2K  plus  D  regions  weak,  but  transient,  CTLs  developed 
in  host  organs  undergoing  severe  GVH  disease  (Table  22). 
(A.TL  X  B10.MBR)F   hosts  were  reconstituted  with  BIO.MBR 
cells.  Cells  from  afflicted  spleens  of  these  mice  were 
subsequently  examined  for  CML  reactivity  from  days  6  through 
19.  As  can  be  seen  in  Table  22,  weak  but  transient  CML 
activity  could  be  detected  against  target  cells  expressing 
the  H-2D   gene  product,  e.g.,  B10.D2  and  BIO.TL  during  the 
early  stages  of  the  reaction  (between  days  5  to  8).  However, 
by  day  19  when  severe  GVH  disease  was  obvious,  no  cytotoxic 
activity  could  be  recovered  from  the  affected  spleens.  In 
contrast,  CTLs  generated  in  MLR  in  the  same  combination 

exhibited  strong  CML  reactivity  against  BIO.TL,  BlO.S  and 

s  d 

B10.D2  target  cells  expressing  H-2K  and/or  H-2D   gene 

products. 
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Table  22. 
CML  reactivity  of  primed  BIO  .Mm  anti-(A.TL  x  B10.MBR)F, 
cells  generated  either  in  iVlLR  or  in  GVH. 


■ferget 

H- 

2  Genetics 

% 
MLR  generated 

Specif 
(b) 

ic  Rlease  (a) 
GVH  generated  (c) 
Day  6    Day  22 

cells 

K 

A 

J 

E 

D 

40:1 

20:1 

40:1     70:1 

BIO  .Mm 

b 

k 

k 

k 

q 

-4 

-3 

-18      -12 

A.TL 

s 

k 

k 

k 

d 

26 

18 

12       1 

BIO.S 

s 

s 

s 

s 

s 

7 

8 

-10      -3 

B10.D2 

d 

d 

d 

d 

d 

16 

8 

12      -5 

BIO. BR 

k 

k 

k 

k 

k 

-1 

-3 

-12 

B6 

b 

b 

b 

b 

b 

0 

3 

5 

a)  This  test  was  performed  in  a  6  hr  assay. 

b)  Primary  MLR  consisted  of  BIO.MBR  splenocytes  incubated  with 
irradiated  (A.TL  x  B10.MBR)F,  splenocytes  for  5  days.  The 
MLR  prined  cells  were  assayed  at  either  40:1  or  20:1  effector 
to  target  ratios. 

c)  GVH  reactivity  was  induced  in  sublethally  irradiated  (A.TL  x 
B10.MBR)F,  mice  with  BIO.MBR  splenocytes.  On  days  6  and  22, 
the  spleens  were  collected,  nade  into  single  cell  suspensions 
and  cultured  overnight  in  interleukin  2  and  assayed  the  next 
day.  The  day  6  GVH  primed  cells  were  assayed  at  a  40:1 
effector  to  target  ratio,  v*iile  the  day  22  GVH  primed  cells 
were  assayed  at  a  70:1  effector  to  target  ratio. 


102 


Histologically,  the  picture  of  GVHD  in  this  combination 
was  similar,  although  not  as  severe  as  in  the  entire  H-2 
difference.  The  number  of  recovered  viable  cells  from  the 

spleen  was  markedly  lower  than  in  the  entire  H-2  difference 

5 
with  only  5  x  10   viable  cells  recovered  per  spleen  as 

compared  to  5  x  10   recovered  in  the  entire  H-2  GVH. 

Cytocentrif uge  preparations  of  these  recovered  cells  showed 

a  marked  predominance  of  PMNs  (90  to  95%).  From  these 

findings  it  can  not  be  ruled  out  that  the  cytotoxic  cells 

have  migrated  out  of  the  spleen  and  into  the  body  and  have 

contributed  to  the  tissue  destruction  seen  histologically. 

Ability  of  purified  interleukin  2  to  speed  up  mortality  in 
K/D  disparate  GVHD 

In  order  to  test  the  hypothesis  whether  increased 
cytotoxic  activity  could  be  induced  in  the  K/D  disparate 
GVH,  two  groups  of  (A.TL  x  B10.MBR)F,  mice  were 
reconstituted  with  BlO.MBR  cells,  with  one  group  receiving 
10  units  of  EL-4  derived  IL  2  every  second  day  up  to  day  7, 
while  the  other  group  did  not  receive  any  IL  2.  The  purified 
IL  2  had  no  mitogenic  activity  on  resting  splenocytes  as 
determined  by  tritiated  thymidine  incorporation.  In 
addition,  this  IL  2  had  no  deleterious  effect  on  sublethally 
irradiated  mice  reconstituted  with  syngeneic  splenocytes  up 
to  30  days  postengraf tment  (Figure  20).  The  pattern  of  K/D 
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disparate  GVHD  again  exhibited  the  survival  pattern  as  seen 
in  Figure  5.  However,  those  mice  which  received  both  the  K/D 
allogeneic  splenocytes  and  the  IL  2  developed  mortality 
rates  which  were  comparable  to  an  entire  H-2  disparate  GVHD. 
Thus,  this  exogenous  IL  2  supplemented  to  a  weak  GVH 
significantly  accelerates  the  disease  process. 

The  presence  of  CTL  activity  was  examined  in  those  mice 
developing  acute  GVH  with  the  help  of  the  exogenous  IL  2. 
The  results  of  such  a  study  are  seen  in  Table  23.  This 
experiment  reveals  that  cells  obtained  from  the  spleens  from 
either  the  normal  GVH  or  from  the  IL  2  supplemented  GVH 
possessed  identical  equivalents  of  CTL  activity.  Similar 
results  were  seen  in  a  combination  involving  only  a  D 
disparate  GVHR,  namely  B10.M(17R)  anti-A/J  (Table  24). 
Histologically,  the  IL  2  supplemented  GVHR  had  a 
disease  which  appeared  to  have  progressed  further  than  the 
normal  K/D  disparate  GVH.  Here  the  IL  2  supplemented  GVH 
mice  had  increased  amounts  of  liver  necrosis  along  with 
increased  numbers  of  infiltrating  leukocytes  in  the 
parenchyma. 
BIO.AQR  anti-(B10.T(6R)  x  B10.AQR)Fj^  reaction 

GVH  induced  by  I  region  incompatibility  did  not  result 
in  readily  detected  cytotoxic  responses.  Figure  5  shows  that 
such  I  region  disparate  mismatches  resulted  in  the  host 
animals  dying  with  GVHD  somewhat  slower  than  hosts  with 
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'feble  23. 
CML  reactivity  of  GVH  primed  BIO.MBR  anti-(A.TL  x  B10.MER)F 
supplanented  in  vivo  with  or  without  interleukin  2. (a)  "^ 


- 

H- 
K 

•2  Genetics 
A  J  E  D 

% 

Specific  Release 

(b) 

Targets 

Control 
40:1  20:1 

GVH 
10:1 

GVH  +  in 
40:1 

VIVO 

20:1 

IL  2 
10:1 

BIO.MBR 

b 

k 

k 

k 

q 

-18 

-14 

-9 

-16 

-17 

-11 

BIO.TL 

s 

k 

k 

k 

d 

12 

9 

4 

9 

4 

0 

BIO.S 

s 

s 

s 

s 

s 

-10 

-4 

-5 

-9 

-10 

-12 

B10.D2 

d 

d 

d 

d 

d 

12 

14 

7 

15 

10 

3 

BIO 

b 

b 

b 

b 

b 

5 

-2 

-5 

-4 

-4 

-5 

a)  GVH  reactivity  v^as  induced  in  sublethally  irradiated  (A  TL  x 
B10.MBR)F^  mice  with  BIO.MBR  splenocytes.  One  half  of  the 
mice  received  10  units  of  interleukin  2  i.v.  on  days  1,3  and 
5.  On  day  6,  the  spleens  were  collected,  irade  into  single  cell 
suspensions  and  cultured  overnight  in  interleukin  2  overnight. 
The  cells  were  assayed  at  either:  40:1,  20: lor  10:1  effector 
to  target  ratios. 

b)  This  test  was  performed  in  a  6  hr  assay. 
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Table   24. 
CML  reactivity  of  GVH  primed  B10.M(17R)  anti-VJ  cells 
supplanented  m  vivo  with  or  without  interleukin  2  (a) 


.— w^j.._l*j»j.4j       ^,          \Cl/ 

I^get 
cells 

H-2  Genetics 
K    A     J     E     D 

% 

Specific  Release  (b) 

Control 
17:1 

GVH 
8:1 

GVH  +  in  vivo  IL2 
17:1       8:1 

B10.M 
(17R) 

A/J 

k     k    k    d     f 
k    k    k    d    d 

-7 
20 

-3 
14 

-4         -4 
19         17 

^^  S?h''^fM^7P^'^^'"'^''''f  '"  sublethally  irradiated  VJ  mice 
with  B10.M(17R)  splenocytes.  One  half  of  the  mice  received  10 
TJilLf   ^^terleukin  2  i.v.  on  days  1,3  and  5.  On  d^  ellhe 

c^^itZJ^''^-'^^^^'^^'   "^^^  ^"^°  ^i"5le  cell  suspensions  and 
cultured  xn  mterleukm  2  overnight.  The  cells  weS  assayed  at 
either  17:1  or  8:1  effector  to  target  ratios, 
b)  Tihis  test  v^s  performed  in  a  6  hr  assay. 
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entire  H-2  disparate  GVH,  but  faster  than  the  K/D  disparate 
GVH.  Yet,  no  cytotoxic  activity  against  the  host  was 
detected  in  GVH  on  day  5  to  14.  Representative  data  from  day 
6  is  presented  in  Table  25.  Again,  as  in  the  case  of  the  K/D 
difference,  the  predominant  cell  type  found  in  the  spleen 
was  the  PMN  (90  to  95%). 

To  rule  out  the  possibility  that  cytotoxic  cells  were 
present,  but  in  low  and  undetectable  numbers  for  functional 
tests,  650R  irradiated  (B10.T(6R)  x  B10.AQR)F^  mice  were 
again  reconstituted  with  BIO.AQR  cells.  These  mice  were 
sacrificed  on  day  6,  their  splenocytes  removed  and  expanded 
for  2  weeks  with  IL  2.  These  cells  were  then  tested  in  a  CML 
assay  and  the  results  are  shown  in  Table  26.  The  results 
show  that  CTL  cells  were  present  in  these  animals  and  these 
CTLs  lysed  B10.T(6R)  B  cell  blasts  (LPS  stimulated)  but  not 
B10.T(6R)  T  cell  blasts  (Con  A  stimulated)  (experiment  1). 

Besides  a  cytotoxic  response  directed  towards  cells 
expressing  the  I-A^  molecule  found  on  B10.T(6R)  B  cells, 
cytotoxic  responses  were  also  demonstrated  against  several 
distinct  target  cells,  e.g.  BIO.AQR,  BIO.A,  B10.A(2R)  and 
B10.A(4R).  Since  BIO.MBR  cells  were  not  lysed,  the  I-A^ 
molecule  is  probably  not  the  target  antigen.  Further  support 
that  the  antigen(s)  seen  by  these  GVH  primed  cells  is  not 
directed  at  the  I-A*^  molecule  was  provided  when  anti- 
I-A^  monoclonal  antibody  (10.2.16)  did  not  block  killing 
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T^le  25. 
CML  reactivity  of  primed  BIO.AQR  anti-(BlO.T(6R)  x 
B10.AQR)F,  cells  generated  in  either  MLR  or  in  GVH. 


Specific  Release  (a) 


Target 
cells 


B10.AQR  Con  A  blasts 
BIO.AQR  LPS  blasts 
B10.T(6R)  Con  A  blasts 
B10.T(6R)  LPS  blasts 


In  vitro 
(b) 

primed 

In 

vivo  primed 
(c) 

-10 

16 

-11 

-5 

-11 

-4 

-28 

-6 

a)  This  test  was  performed  in  a  6  hr  assay. 

b)  The  primary  MLR  consisted  of  BIO.AQR  splenocytes  incubated 
with  irradiated  (B10.T(6R)  x  B10.AQR)F,  splenocytes  for  5 
days.  The  MLR  primed  cells  were  assayed  at  a  15:1  effector  to 
target  ratio. 

c)  GVH  reactivity  vas  induced  in  sublethally  irradiated 
(B10.T(6R)  X  B10.AQR)F,  mice  with  BIO.AQR  splenocytes.  On 
day  5  the  spleens  were  collected,  made  into  a  single  cell 
suspension  and  assayed  the  same  day.  The  GVH  primed  cells 
v^re  used  at  a  15:1  effector  to  target  ratio. 
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of  the  BIO.AQR  LPS  blasts  by  these  CTLs  (Table  27).  Yet, 

this  antibody  is  indeed  capable  of  blocking  PLT  responses 

k 
directed  against  the  I-A  molecule  using  MLR  primed 

B10.T(6R)  anti-BlO.AQR  cells. 

Further  studies  using  these  cytotoxic  cells  revealed 
that  these  cells  were  incapable  of  killing  B6,  BlO.F,  BIO.M, 
B10.D2  and  BlO.S  LPS  blasts  (Table  28).  These  cells  were 
tested  on  the  42   day  after  they  were  removed  from  the 
animals  and  showed  that  their  lytic  activity  had  changed. 
These  cells  now  no  longer  had  the  capacity  to  kill  BIO.AQR 
blasts  as  strongly  as  before  but  were  now  only  able  to  kill 
BIO. BR  blasts,  both  LPS  and  Con  A  blasts. 

It  thus  appears  that  this  cell  line  originally 
contained  at  least  3  populations  of  cytotoxic  cells:  one 
directed  against  the  B10.T(6R)  LPS  blasts,  presumably 
I-A  ,  the  second  directed  against  BIO.AQR  LPS  blasts  and 
the  third  population  which  was  heteroclitic  in  nature  which 
responded  to  BIO. BR  LPS  and  Con  A  blasts. 

It  should  be  pointed  out  that  the  addition  of  20  units 
of  purified  IL  2  to  the  I  region  GVH  reaction  did  not  alter 
the  rate  of  mortality  in  this  system  (Figure  21).  These  data 
presented  in  this  combination  demonstrate  that  a  host  versus 
graft  (HVG)  reaction  is  possible  even  though  the  host  was 
irradiated  with  a  near  lethal  dose  of  radiation  (650R).  The 
histopathological  lesions  of  HVG  are  identical  to  those 
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Table   27. 
The  inability  of  monoclonal  antibodies  to  block  killing  of 
BIO.AQR  LPS  blasts  by  GVH  primed  BIO.AQR  anti-(BlO.T(6R)  x 
B10.AQR)F^  cells  expanded  in  vitro  with  interleukin  2.  (a) 


%  Specific 
condition  Release  (b)        %  Inhibition 


no  addition 

57 

— 

10.2.16  1:20  (c) 
10.2.16  1:40 

65 
59 

0 
0 

B  312  1:20  (d) 
B  312  1:40 

52 
54 

9 

5 

14-4-4  1:20  (e) 
14-4-4  1:40 

64 
59 

0 
0 

anti-Lyt  1  1:10 
anti-Lyt  2  1:10 
anti-lhy  1:10 

71 
50 
71 

0 
9 
0 

a)  GVH  reactivity  vas  induced  in  sublethally  irradiated 
(B10.T(6R)  X  B10.AQR)F,  mice  with  BIO.AQR  splenocytes.  On 
day  6,  the  spleens  were  collected,  made  into  a  single  cell 
suspension  and  cultured  in  interleukin  2  every  second  day.  The 
experiment  was  done  on  day  29.  The  effector  to  target  ratio 
was  10:1. 

b)  This  tes^  v^as  performed  in  a  4  hr  assay. 

c)  Anti-I-A  antibody  (10.2.16)  with  a  final  dilution  of  1:20 
was  used  to  block  lysis. 

d)  Anti-K  antibody  (B  312)  with  a  final  dilution  of  1:20  was 
used  to  block  lysis. 

e)  Anti-I-ET  antibody  (14-4-4)  with  a  final  dilution  ofd  1:20 
vas  used  to  block  lysis. 


115 


to 


I 


g 

OQ 

X 

**-«*. 

^--* 

m 

a; 

yo 

%,^ 

« 

E-« 

CM 

o 

C 

r-l 

•f-t 

m 

-^ 

1 

a) 

•  -H 

1-1 

00   4J 

i-i 

'"^ 

B 

Q) 

c 

1-1  a; 

•H 

S^ 

jr 

H     • 

4J 

o 

•^ 

m 

T) 

'CJ 

(1) 

i 

-H 

•-H 

(rt 

>-l 

n, 

U4 

X 

•8 

•H 
1i 


iH 

u 

•H 

U 
OP 


-O 


CM 


C  iH 

e  TO 


VD 


W 


(0 

o 

-H 
9i 


CN 


O  iH 


4J 
C  iH 

•H 


CM 

rH 

Q 


0)    CO 
tJliH 

^8 


CM  iH  I     m  1^     I       I       I       I       I 


r^  o        I   (-^       r-    I     I     I     I     I 


r^  iH  I    CM         W3     I      I      I      I      I 

I  CN 


fN   I        in   I         I   '3'  c»  r-  n  v£) 
•-•  I     I     I     I     I 


cr.    I 


en  c 
o  o 

r-l   iH 

CQ  OQ 


CT)     I  I     H  CT>  CN  CM  <T» 

"-I  I     iH     I     CM 

I  I 


CM     I  I     '*  in  O  CM  00 

I       I       I 


M  ^  XI  aM-(  T3  to 

M  ^  £i  ay-i  73  to 

M  M  Si  CuU->  T3  M 

M  CO  ja  D414-1  T3  to 


o  C)       o       0000 
mCQ        CQOQCQcQcqCQ 


1 

i 

rH 

+j 

8 

c 

•H 

c 

•H 

>1 

-s 

■s 

JS 

0   4J 

UM^ 

(1) 

•d  c 

6  -H 

to 

rH 

fa  nj 
S  o 

O 

r-l     (U 

2  73 

^  4J 

Eh    O 

•    0) 

(1)    V-i 

•H  O 

•73    to    O 
(0   C    (D 

M  gj  to 

M    ® 
"-I         >     •   m  -H 

rH     (1)     0)     >i   m   M-l 
^  iJ  CM    to    >,  >, 

4-)  to  17  X? 

0)     -  C    (0    M  UJ 

iH  in  -H  O  -H 

ffi  fd  (U 

fO  iH  <^ 
C  M 

•H    C    0)   (0 
_  O  4J         c   c 
'O       c  c  o  o 

0)       •  -H  -H 

■tj  J-'  (1) 

^    O  TJ    d    to    CO 
S  iH  fl) 

a  c  Q44J  +j 
■t-1       -H   to   m  ni 

•H  <   m        ML) 
■u     •  D<^   m  m 

o  o  to  to  a  ft, 

S  CQ    W  -D   3   3 
JS  iH    CO    CO    CO 

>  -H   m  2  2  id 
O   3    O  Eh  Eh  Eh 


'S'S 


.  116 


produced  in  GVH  (104);  thus,  it  could  be  argued  that  in  this 
combination  both  types  of  reactions  are  occurring  and  that 
the  CTL  activity  is  undetectable  because  the   Cr  assay 
does  not  detect  the  activity  of  these  few  cells. 

It  is  interesting  to  note  that  the  rate  of  mortality  in 
B10.T(6R)  anti-(B10.T(6R)  x  BlO.AQR)Fj^  combination  is 
identical  to  that  BlO.AQR  anti- (BIO .T( 6R)  x  B10.AQR)F^ 
reaction  (Figure  22). 


Other  I  region  mismatches 

If 
A  second  combination  involving  an  I-A  mismatch  (BIO 

X  BlO.Q}Fj^  anti-BlO.MBR  has  also  been  examined.  As  can  be 

seen  in  Figure  23  the  mortality  rate  in  this  combination 

proved  comparable  to  an  entire  H-2  mismatch  [(BIO  x 

B10.Q)Fj^  anti-BlO.BR] .  When  the  spleen  cells  from  these  I 

region  GVH  mice  were  grown  in  vitro  in  the  presence  of  IL 

2  for  1  week,  CTL  activity  was  demonstrable  against  both  the 

donor  haplotype  cells  B6  and  BIO.Q,  as  well  as  the  host 

cells  BIO.MBR  (Table  29). 

Another  I  region  mismatch  namely  (BIO.MBR  x  B10.GD)F^ 

reacting  against  BIO,  an  I-A   disparate  reaction  has  also 

been  studied.  Figure  24  illustrates  the  mortality  kinetics 

of  such  a  reaction.  (B10.A(4R)  x  B10.GD)F,  anti-BlO 

provides  both  K   and  I-A   differences  and  demonstrates  a 

strong  lethal  GVH  reaction.  In  contrast,  the  I-A 


(0 


X  t!   to  U 

--;  (3  I— I  fO 

V£>  W    U  "T!      • 

H  S  ;^  O  0) 

•     w    05     3  -r-l 

o  vo  t3  r^ 
.H  O  -^  C 
CQ  in  Eh  •r^  (D 
—  vo  .  w 
o  w  p 
TJ  x:  ^;^  r-i  n 

(U    4J    CQ   rH     S 

(0  "^     •  "  ^ 
"fQ  t3  -H  oi  5 

•iH  -H    rH   O   "O 

n3 


>i  (0   (0 

rH    U 

Q)  iH 
rH  i-H    nj 
J3    (0  -H 

S5  ^ 

(1)   w 

C   r-l     (U 
■H  XI    4J 


CQ 


c 
<u 


4J 


S 


CM 


•     rHm 
J  -~   O  ' 


3    •       u 

•H  iH  o  i; 
tn  m  <-i  -t-) 


118 


O 

lO 


lO 


_       ^ 
II  II 

c         c 


O 


"         UJ 

JL  I— « 

>         M 


O 
LlI 

I- 
Zi 

»- 
W 

z 
o 
o 
liJ 
a: 


lo 

d 
m 


'^< 


lo 

cr 

o 
< 

o 

00 


O 
ro 


h- 
z 

LlI 

:s 

H 
Li. 

< 

CD 

iij 

H 
CO 

o 

CL 


P 


CO 


O 


± 


o 
o 


IT) 


o 


in 

CVi 


nVAIAdnS    lN30d3d 


o 

CQ 


H 

>i  C 


tH   4-)    O 


°J 


4-1       s    • 

fa  j2  >H  -H 
jj  m  TJ 

W    CD   O    0) 

8       4-)  m 
O  c  3 

C  4-1  -H    0 
OJ    c  B 

0)  _  O 

14-1    c 

"'d  S^  o  >i 

C  .H   4-)  "3 

O  -H   m 

^^5  8  8 

H   .j-(    4J     0) 

>   ni   U 

U  V4    O 

<  -H  -H    U) 

i^  y  .1.  ■•-' 


^ 


W  Ci^  trt 
P  -H  54  4-5 
^  i^ 

§  ^  8  c 

>    W  -H    O 

O    0)    G  -H 

4J  4J 

JS  O  •  •-( 
4-)    C  O  ^ 

M  .H  CQ  D 
CO         (DO) 

rM  r-lU  4J 
•rH    rH      >^    .r4 

py  PQ  -H  fd 


120 


m 

a 

d 

2 

S 

o 

to 

a 

_ 

in 

o 

IL* 

Q 

o 

a 

o 

X 

a 

O 

X 

a 

S 

H 

a 

a 

III 

III 

o 

E 

r 

bl 

u 

U. 

U. 

o 

-< 

Q 

< 

Ul 

t- 

< 
a: 
o 
z 
u 
I- 
(/) 
o 

CL 


10 


o 
o 


o 
in 


in 


nvAiAyns  iN3oy3d 


121 


T^ble  29. 
CML  reactivity  of  GVH  primed  (BIO  x  B10.Q)F^  anti-BlO.MER 
cells  expanded  with  interleukin  2.  (a) 


Target 
cells 


H-2  Genetics 
K  A  J  E  D 


B6  LPS  blasts       b  b  b  b  b 

BIO.Q  LPS  blasts    q  q  q  q  q 

BIO.MBR  LPS  blasts   b  k  k  k  q 
BIO.MER  Con  A  blasts 

BIO.SOR)  LPS  blasts  s  s  s  s  s 


%  Specific  Release  (b) 
14:1  (c) 


13 
18 
22 
17 
-4 


a)  BIO.MBR  mice  were  sublethally  irradiated  and  reconstituted 
with  (BIO  X  B10.Q)F,  splenocytes.  On  day  5  these  mice  were 
sacrificed  and  their  spleens  were  ranoved.  A  single  cell 
suspension  of  cells  vras  then  fed  purified  interleukin  2  every 
second  day  for  1  week. 

b)  This  test  was  performed  in  a  6  hr  assay. 

c)  The  effector  to  target  ratio  was  14:1. 
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differences,  (BlO.MBR  x  B10.GD)F^  anti-B6,  only  showed  a 
mild  reaction.  When  the  splenocytes  were  recovered  and 
expanded  in  vitro  for  1  week  with  purified  IL  2 ,  a  weak 
cytotoxic  response  was  directed  against  the  B6  LPS  targets, 
while  little  if  any  lysis  was  seen  against  either  of  the 
donor  cell  lines  (Table  30).  It  would  appear  that  in  this 
reaction  only  a  graft  versus  host  reaction  was  occurring  and 
that  the  weak  mortality  which  was  demonstrated  in  vivo  is 
the  result  of  a  weak  cytolytic  response  of  T  killer  cells. 
In  contrast,  in  GVH  reactions,  such  as  BlO.HTT  anti- 
(BIO.TL  X  B10.HTT)F  ,  no  mortality  was  observed  (Figure 
25).  When  GVH  primed  cells  from  these  animals  were  grown  in 
the  presence  of  IL  2  and  tested  for  CTL  activity,  no 
detectable  lympholysis  could  be  observed  (Table  31). 


Minor  histocompatibility  antigens 

The  presence  of  in  vivo  CTLs  was  next  explored  in 
those  mice  which  produced  low  but  detectable  PLT  cells 
towards  minor  histocompatibility  antigens.  Minor 
histocompatibility  disparate  GVH  reactions  were  established 
using  the  DBA/2  mouse  as  the  host.  Survival  times  of  DBA/2 
mice  reconstituted  with  BALB/c,  B10.D2  and  BALB/c    are 
presented  in  Figure  26.  DBA/2  hosts  grafted  with  BALB/c 
splenocytes  showed  only  8%  mortality  over  the  first  45  days, 
while  the  DBA/2  mice  receiving  the  B10.D2  cells  showed  a 
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'feble  30. 
OVIL  reactivity  of  GVH  primed  (BlO.MBR  x  B10.GD)F,  anti-B6 
cells  expanded  with  interleukin  2.  (a). 


% 

Specific  Release  (b) 

Target  cells 

16:1 

8:1 

4:1 

B6  Con  A  blasts 

4 

1 

1 

B6  LPS  blasts 

9 

6 

5 

B10.MBR  Con  A  blasts 

-1 

-3 

-1 

B10.MER  LPS  blasts 

2 

4 

0 

BIO.GD  Con  A  blasts 

3 

2 

4 

BIO.OD  LPS  blasts 

0 

1 

0 

a)  GVH  reactivity  vas  induced  in  sublethally  irradiated  BlO.MBR 
mice  with  (BIO  x  B10.Q)F,  splenocytes.  On  day  5,  the  spleens 
were  collected,  made  into  a  single  cell  suspension  and 
cultured  in  interleukin  2  every  second  day.  The  cells  were 
tested  on  day  14. 

b)  This  test  was  performed  in  a  6  hr  assay.  The  effector  to 
target  ratios  used  were:16:l,8:l  and  4:1. 
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Table   31. 
Lack  of  CML  reactivity  of  GVH  primed  BlO.HTT  anti-(B10.TL  x 
BIO.HIDF,  cells  expanded  with  interleukin  2.  (a). 
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Target 

H- 

2  Goietics 

%  Specif 

LC  Release  (b) 

cells 

K 

A 

J 

E 

D 

40:1 

20:1 

10:1 

BlO.HTT  Con  A 

s 

s 

k 

k 

d 

-11 

-5 

-9 

BlO.HTT  LPS 

-9 

-10 

-4 

BIO.TL  Con  A 

s 

k 

k 

k 

d 

-7 

-5 

-3 

BIO.TL  LPS 

-14 

-12 

-12 

BIO.SOR)  Con  A 

s 

s 

k 

k 

d 

-4 

-6 

-5 

BIO.SOR)  LPS 

-1 

-3 

-3 

DBAA  LPS 

q 

q 

q 

q 

q 

-9 

-3 

-3 

SFA  LPS 

d 

d 

d 

d 

d 

-4 

-6 

-4 

a)  GVH  reactivity  vas  induced  in  sublethally  irradiated  (BIO.TL  x 
B10.HTT)F^  mice  with  BlO.HTT  splenocytes.  On  day  5,  the 
spleens  v«re  collected,  made  into  a  single  cell  suspension  and 
fed  interleukin  2  every  second  day  for  1  week. 

b)  This  test  was  performed  in  a  6  hr  assay. 
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mortality  rate  of  37%  by  day  13.  However,  even  in  this 
latter  set  some  mice  survived  several  months.  In  contrast,  a 
different  picture  was  observed  when  the  BALB/c  mutant  mouse 
strain,  BALB/c    ,  was  used  as  the  source  of  the  donor 
cells.  The  BALB/c    mouse  does  not  express  the  H-2L 
molecule,  so  any  reactivity  which  occurs  is  directed  against 
both  the  minor  histocompatibility  antigens  of  DBA/2  and  the 
H-2L  molecule.  This  reaction  resulted  in  a  complete 
mortality  by  day  34  with  the  majority  of  the  mice  dying  by 
day  9. 

When  CTL  activity  was  assayed  in  the  BALB/c  anti-DBA/2 
combination  on  day  5  of  the  GVHR  and  after  culturing  the 
cells  in  IL  2,  no  significant  killing  was  observed  (Table 
32).  If  the  GVH  primed  cells  were  tested  in  CML  the  same  day 
they  were  removed  from  the  host  animals  so  that  the 
contaminating  PMNs  (which  comprised  85%  of  the  total  viable 
cells)  were  present  no  killing  was  observed  even  in  a  48  hr 
assay  (Table  33).  Thus,  PMNs  and  non-MHC  primed  cells  were 
not  capable  of  killing  ^^Cr  labeled  targets. 

The  survival  curve  of  sublethally  irradiated  AKR  mice 
reconstituted  with  CBA/CaH  cells  is  presented  in  Figure  27. 
Three  out  of  5  mice  died  within  the  first  17  days.  Those 
animals  not  showing  acute  GVHD  survived  several  months 
without  any  indication  of  disease.  This  survival  was  similar 
to  that  seen  previously  in  the  K/D  disparate  GVHD. 
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■teble  32. 
CML  reactivity  of  primed  BALB/c  anti-DBA/2  cells  generated  in 

GVH 


•terget 

cells       H-2 

Mis 

%  Specif 

ic  Release  (a) 
20:1 

BALB/c  Con  A  d 

b 

8 

BALB/c  LPS   d 

b 

-2 

DBA/2  Con  A  d 

a 

-5 

DBA/2  LPS    d 

a 

-1 

a)  This  test  vas  perfomned  in  a  6  hr  assay.  GVH  reactivity  vas 
induced  in  sublethally  irradiated  DBA/2  mice  with  BALB/c 
splenocytes.  On  day  6,  the  spleens  were  collected,  made  into  a 
single  cell  suspension  and  cultured  overnight  in  interleukin  2 
prior  to  use.  The  GVH  primed  cells  were  assayed  at  a  20:1 
effector  to  target  ratio. 
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T^le  33. 
CML  reactivity  of  BALB/c  anti -DBA/2  cells  generated  in  GVH 


Target 
CPUs 

H-2 

Mis 

%  Specific  ] 
24  hrs 

Release  (a) 
48  hrs 

BALB/c 

d 

b 

0 

0 

DBA/2 

d 

a 

0 

-1 

B10.D2 

d 

b 

0 

-1 

B10.BUA16 

w 

b 

-1 

-3 

a)  This  test  was  performed  in  either  a  24  or  48  hr  assay.  GVH 
reactivity  vas  induced  in  sublethally  irradiated  DBA/2  mice 
with  BALB/c  splenocytes.  On  day  6,  the  spleens  were  collected, 
made  into  a  single  cell  suspension  and  used  the  same  day  as 
they  were  removed  from  the  animal.  The  GVH  primed  cells 
contained  15%  lyni^ocytes  and  85%  EMNs.  These  cells  were  then 
used  at  a  50:1  effector  to  target  ratio. 
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Histopathological  examination  of  the  AKR  mice  suffering  from 
acute  GVHD  revealed  an  identical  disease  picture  as 
described  earlier  (Section  3.2  F).  In  addition,  when  the 
spleen  cells  of  these  GVHD  affected  mice  were  tested  on  day 
10  for  cytolytic  activity,  CML  was  exhibited  on  AKR  targets, 
with  weaker  activity  on  DBA/1  and  DBA/2  target  cells  (Table 
34).  Although  the  CML  activity  appears  to  be  directed 
against  Mis  ,  this  may  not  be  the  target  since  CBA/J, 
which  is  now  thought  to  possess  the  Mls^  determinants,  was 
not  killed.  In  addition,  no  CTL  activity  against  Mls^  was 
observed  in  the  BALB/c  anti-DBA/2  system.  Thus  it  is  likely 
that  the  CBA/CaH  cells  are  detecting  another  antigen  which 
IS  present  on  AKR  cells. 


K-    Ability  of  primed  lymphocytes  to  cause  mortality  in 
sublethally  irradiated  mice 

In  an  attempt  to  determine  whether  GVH  primed 
lymphocytes  could  be  passaged  into  secondary  hosts,  it  was 
discovered  that  lymphocytes  primed  either  in  in  vitro  or 
in  vivo  have  the  ability  to  cause  mortality  in  both 
syngeneic  and  allogeneic  sublethally  irradiated  animals. 
This  is  presented  in  Figure  28  for  B10.A(5R),  BlO.GD  and 
BIO.S  mice  which  were  sublethally  irradiated  and  injected 
i.v.  with  1  X  10   (B10.A(4R)  x  B10.GD)F,  anti-BlO  primed 
cells  generated  in  vivo.  As  can  be  seen,  these 
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Table   34. 
CML  reactivity  of  primed  CBA/Ca  anti-AKR  cells  generated  in 

GVH 


Target 
cells 

H-2 

Mis 

Specific  Release 
40:1 

(a) 
20:1 

AKR 

k 

a 

33 

39 

DBAA 

q 

a 

16 

12 

DBA/2 

d 

a 

13 

10 

CRA/J 

k 

d 

7 

8 

BIO. BR 

k 

b 

5 

- 

CRA/Ca 

k 

b 

0 

11 

a)  This  test  was  performed  in  a  6  hr  assay.  GVH  reactivity  was 
induced  in  sublethally  irradiated  AKR  mice  with  CBA/Ca 
splenocytes.  On  day  10,  the  spleens  were  collected,  made  into 
single  cell  suspensions  and  cultured  overnight  in  interleukin 
2  prior  to  use.  The  GVH  primed  cells  were  assayed  at  either 
40:1  or  20:1  effector  to  target  ratios. 
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anti-K  ,  I-A   cells  proved  lethal  for  both  the 
allogeneic  mice  B10.A(5R)  and  the  syngeneic  mice  BIO.GD, 
with  death  occurring  between  days  10  and  17.  The  primed 
cells  could  even  be  irradiated  with  2000  R  of  irradiation 
and  yet  still  cause  mortality  in  these  animals.  Third  party 
mice,  such  as  BlO.S,  also  died  between  days  15  and  22; 
however  irradiation  of  the  primed  cells  increased  survival 
time  of  the  BlO.S  mice  even  though  they  eventually  died  by 
day  32.  It  should  be  noted  that  the  primed  cells  had  no 
effect  when  injected  into  nonirradiated  mice,  either 
syngeneic  or  allogeneic. 

In  a  follow  up  study  using  BIO.RIII  anti-BlO.M  primed 
cells  generated  in  vitro,  similar  results  also  occurred. 
Both  syngeneic  and  allogeneic  mice  died  between  days  10  to 
20  after  engraftment.  Supernates  of  the  primed  cells  also 
caused  mortality  in  sublethally  irradiated  mice. 
Interestingly,  if  primed  cells  were  cultured  overnight  in 
fresh  medium,  this  supernate  did  not  have  the  ability  to 
cause  mortality  in  sublethally  irradiated  mice.  In  addition, 
normal  unirradiated  mice  were  not  susceptible  to  mortality 
induced  by  either  the  primed  cells  or  culture  supernate  even 
up  to  3  months  after  injection.  Neither  the  supernate  nor 
the  cells  could  induce  pathological  effects  to  an  embryonic 
mouse  fibroblast  culture,  indicating  that  such  factors  as 
cytopathic  viruses,  were  not  playing  a  role  in  mortality. 


■1^;, 
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L.    Histology  and  pathology  of  secondary  disease 

Mice  receiving  primed  cells  from  the  previous 
experiment  were  examined   histopathologically  on  day  10. 
When  BIO.RIII  anti-BlO.M  primed  cells  were  injected  into 
sublethally  irradiated  BIO.M  mice,  the  normal  histology  of 
acute  GVHD  was  observed  in  the  liver.  Perivascular  cuffing 
and  leukocytic  infiltrates  associated  with  the  veins  and 
bile  ducts  were  present  together  with  the  parenchyma  damage 
(Figure  29).  In  the  lungs  of  these  animals  some  edema  and 
mild  hypercellularity  was  also  observed  (Figures  30  and  31), 
In  marked  contrast,  when  BIO.RIII  anti-BlO.M  cells  were 
injected  in  irradiated  syngeneic  hosts,  a  different 
pathology  was  observed.  The  lungs  were  markedly  more 
hypercellular  with  much  more  edema  and  congestion  (Figure 
32).  In  addition,  the  spleen  also  showed  marked 
hypercellularity  (Figure  33).  Presumably,  large  numbers  of 
the  injected  cells  became  trapped  in  these  two  organs.  In 
the  liver,  leukocytic  infiltrates  were  found  infrequently. 
Such  infiltrates,  when  found,  appeared  in  the  parenchyma 
per  se  and  not  along  the  central  vein  or  bile  ducts 
(Figures  34  and  35).  This  appears  to  be  similar  to  a 
hepatitis  type  lesion,  and  not  like  the  pathology  observed 
in  the  livers  of  hosts  with  allogeneic  GVH  disease. 


Figure  29.  The  liver  of  a  BlO.M  aninal  undergoing  GVHD  fran 
printed  lyn^ocytes:  BIO.RIII  anti-BlO.M.  This  liver  shows 
perivascular  cuffing  of  invading  leukocytes.  Tte  leukocytes 
are  radiating  frcm  a  central  vein  and  appear  to  be  invading 
the  parencyita. 


Figure  30.  The  lung  of  the  BlO.M  animal  previously  examined. 
This  lung  ^ows  little  abnormality  in  it.  A  little  ectema  is 
seen  but  this  is  similar  to  that  seen  in  the  irradiated 
control . 
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Figure  34.  The   liver  of  a  sublethally  irradiated  BIO.RIII 
mouse  reconstituted  with  prined  BIO.RIII  anti-BlO.M 
lyitphocytes.  Leukocytic  infiltrates  are  ooramonly  found  in 
these  treated  animals.  No  perivascular  cuffing  is  observed. 
The  parenchyma  of  the  liver  appears  slightly  edematous. 
However,  unlike  the  lesions  of  GVHD  there  does  not  appear  to 
be  any  massive  amounts  of  necrosis. 


Figure  35.  A  higher  magnification  of  the  previous  liver.  Tte 
farenchyma  appears  edematous,  but  is  essentially  intact.  Tte 
hepatocytes  show  \«ell  ^fined  itembranes.  A  leukocytic 
infiltrate  is  daserved  at  the  upper  left  corner,  but  this  is 
a  different  type  of  infiltrate  as  compared  to  figure  10. 
Necrosis  is  not  readily  apparent. 
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Figure  33.  The  ^leen  of  the  aninal  previously  examined.  The 
spleen  is  hyerchronatic  due  to  the  hypercellularity,  massive 
amounts  of  mononuclear  cells  are  present.  Little  normal 
architecture  is  seen  due  to  the  crowcted  conditions.  The 
pathological  change  is  much  different  fron  that  seen  in 
Figure  15. 
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Figure  31.  Ths  lung  of  a  normal  irradiated  mouse  14  days 
after  irradiated.  The  alveolar  walls  appear  thin  with  little 
edema.  The  alveolar  sacs  are  evenly  spaced.  Very  few 
mononuclear  cells  are  found  in  the  alveoli.  No  gross 
morphological  changes  are  seen. 


Figure  32.  Tte  lung  of  a  BlO.RIII  mouse  reconstituted  with 
priited  BlO.RIII  anti-BlO.M  cells  day  14.  Tte  alveolar  walls 
are  substantially  thickened  and  congested.  The  tissue  is 
edematous,  but  there  is  no  cellular  exudate  present. 
Monocytic  cellular  infiltrates  can  be  discerned  in  the 
alveolar  walls.  This  process  is  indicative  of  interstitial 
jxieumnitis. 
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M.    Mortality  induced  by  anti-I-A^  long  term  cultured  T 
cell  lines  and  cloned  T  cell  lines 

The  long  term  anti-I-A^  cell  lines  (BIO.RIII  x 
B10.AQR)F^  anti-B10.T(6R)  and  (BIO.S  x  B10.AQR)F,  anti- 
B10.T(6R)  have  been  maintained  for  over  two  years  by  Dr. 
A.B.  Peck  through  sequential  restimulations  (presently  42 
restimulations)  with  B10.T(6R)  cells.  At  the  time  of  the 
25    restimulation,  the  (BIO.RIII  x  B10.AQR)F,  anti- 
B10.T(6R)  line  was  cloned  using  limiting  dilution 
procedures.  Of  fifty  growth  positive  microtiter  plates  with 
"presumed"  clones  which  were  transferred  to  culture  flasks 
for  expansion,  ten  grew  well  enough  for  study.  Analyses  of 
the  reactive  patterns  of  these  cells  are  presented  elsewhere 
(105).  The  parental  lines  and  the  cloned  lines  have  been 
maintained  without  the  use  of  exogenous  IL  2.  The  cells  are 
Lyt  1+2- ,  react  strongly  in  secondary  MLRs,  are  noncytotoxic 
and  produce  T  helper  lymphokines. 

Reconstitution  of  (B10.T(6R)  x  B10.AQR)F,  with  10^ 
parental  or  cloned  T  cells  has  been  found  to  induce  severe 
GVH  like  disease  resulting  in  death  of  the  host  between  days 
10  to  18  (Figure  36).  One  cloned  line,  4,  however,  proved 
highly  inefficient  in  inducing  lethal  GVH  disease.  This  cell 
line  is  known  to  react  primarily  against  the  I-A^  molecule 
cross  reacting  against  the  I-A^  gene  product  (105).  Each 
host  animal  displayed  wasting  disease,  diarrhea  and 
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hypothermia.  Histologically,  the  liver,  lungs  and  intestines 
revealed  the  pathology  of  GVH  disease.  Somewhat 
unexpectedly,  however,  these  same  cloned  lines  have  been 
found  to  be  capable  of  inducing  disease  in  sublethally 
irradiated  BIO.AQR  hosts.  However,  histopathological 
examination  has  revealed  a  greater  involvement  of  the  lungs, 
with  concommitant  less  involvement  of  the  liver  and 
intestine.  The  common  lesions  of  GVHD  are  not  present  in 
these  animals.  These  latter  points  suggest  the  disease 
process  may  be  different  and  has  nonspecific  components. 

Not  every  long  term  primed  cell  line  is  capable  of 
causing  mortality  in  sublethally  irradiated  mice.  For 
example,  the  B10.D2  anti-BlO  line  produced  by  Dr.  B.  Elliott 
and  maintained  by  Dr.  A.  Kimura,  when  injected  into  B6  mice 
no  mortality  was  observed  a  60  day  observation  period  (data 
not  shown).  This  cell  line  does  not  produce  large  amounts  of 
detectable  soluble  lymphokines  (Peck  and  Kimura,  personal 
communication);  thus,  the  lack  of  mortality  may  be  due  to 
the  fact  that  lymphokine  production  is  limited  and  as  a 
result  no  lymphokine  mediated  responses  are  elicited. 
However,  this  hypothesis  remains  at  best  speculative. 
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3.3   Attempts  to  Modify  GVHD 

A.    Attempts  to  prevent  lethal  GVHD  using  concentrated 
monoclonal  antibodies  directed  towards  the  host's  I-A 
molecule  "  ~ 

Results  obtained  from  the  GVH  and  PLT  data  suggested 
that  the  I-A  molecule  is  crucial  in  the  development  of 
lethal  GVHD.  It  was  decided,  therefore,  to  determine  if 
blocking  the  recognition  of  the  I-A  molecule  of  the  host  by 
using  concentrated  monoclonal  antibody  would  modify 
subsequent  GVH.  The  system  examined  was  as  follows.  One 
milliliter  of  the  purified  monoclonal  antibody  (10.2.16 
generoulsy  provided  by  Dr.  E.  Wakeland)  at  a  concentration 
of  1  mg/ml  was  injected  i.v.  into  sublethally  irradiated 
BIO. A  mice  2  hours  prior  to  receiving  the  B10.A(5R)  donor 
cells.  Monoclonal  antibody  10.2.16  binds  the  I-A*^  molecule 
expressed  in  BIO. A  mice.  Survival  was  then  used  to  indicate 
whether  the  antibody  had  any  beneficial  effects.  The 
results,  shown  in  Figure  37,  indicate  that  both  the  control 
GVH  animals  and  the  experimental  animals  succumbed  at  the 
same  rate.  Histological  studies  revealed  that  both  sets  of 
mice  had  similar  lesions.  Under  the  present  test  conditions, 
it  would  appear  that  GVHD  was  unable  to  be  controlled  by 

this  protocol.  This  combination  differed  genetically  at  both 

k      k 
I-A  and  K  .  This  K  difference,  while  insuring  a  lethal 

GVHD,  may  have  distorted  the  final  interpretation. 
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B.    Attempts  to  prevent  lethal  GVHD  using  neonatal 
splenocytes 


i.    Inhibition  of  acute  lethal  GVH  disease  using  CBA/J 
newborn  spleen  cells 

The  experimental  protocol  utilized  in  this  study  to 
test  for  the  ability  of  newborn  spleen  cells  to  suppress 
lethal  GVH  disease  in  irradiated  host  mice  reconstituted 
with  allogeneic  adult  cells  was  as  follows.  Donor  adult 
spleen  cells  were  incubated  24  hours  in  the  presence  or 
absence  of  newborn  spleen  cell  populations  prior  to 
engraftment  in  sublethally  irradiated  host  mice.  Newborn 
spleen  cell  populations  were  suspensions  of  whole  spleen 
cells  which  had  incubated  in  culture  plates  12  hrs.  After  18 
hrs  of  coculturing,  30  x  10   viable  cells  were  injected 
i.v.  into  host  animals.  Control  reactions  included  donor 
adult  cells  cultured  in  medium  alone  or  cocultured  with 
adult  spleen  cells  syngeneic  with  the  newborn  cells. 

Results  from  two  sets  of  experiments  in  which  CBA/J 
newborn  cells  were  cultured  with  adult  BIO. BR  cells  prior  to 
engraftment  of  semi -allogeneic  (BIO  x  B10.BR)F,  or 
allogeneic  B6  hosts  are  presented  in  Tables  35  and  36, 
respectfully.  Host  animals  receiving  adult  BIO. BR  cells  or 
BIO. BR  cells  cocultured  with  adult  CBA/J  spleen  cells  died 
of  lethal  GVH  disease  between  days  6  and  12.  In  contrast, 
only  33%  of  the  host  mice  receiving  BIO. BR  cells  cocultured 


158 


with  CBA/J  newborn  spleen  cells  at  a  ratio  of  10:1  died 
within  12  days,  while  66%  of  the  mice  showed  long  term 
survival.  Similar  survival  rates  were  observed  for  mice 
receiving  BIO. BR  cells  cocultured  with  CBA/J  newborn  spleen 
cells  at  ratios  of  14:1  and  28:1. 

Data  presented  in  Tables  35  and  36  reveal  a  number  of 
additional  points.  First,  newborn  spleen  cells  alone  were 
unable  to  induce  lethal  GVHD.  Second,  the  suppression  of  GVH 
by  the  newborn  spleen  cells  could  be  diluted  out  at  adult  to 
newborn  cell  ratios  greater  than  56:1.  Third,  CBA/J  newborn 
thymus  cells  were  unable  to  suppress  the  GVH  reactivity  of 
adult  cells.  Fourth,  whereas  AKR  newborn  spleen  cells  were 
as  effective  as  CBA/J  cells  in  suppressing  subsequent  GVH  in 
B6  hosts,  (BIO. BR  x  SWR)F^  newborn  spleen  cells  proved 
inactive  in  (BIO  x  B10.BR)F,  hosts. 

ii.   Histopathology  of  the  experimental  and  control  host 
animals 

All  mice  which  died  were  examined  histologically  to 
verify  the  presence  of  GVH  disease.  In  addition,  mice 
showing  long  term  survival  were  occassionally  sacrificed  at 
various  times  and  examined  histologically  for  signs  of  GVH 
disease.  In  control  and  experimental  animals  which  died  or 
were  presumed  to  die  prior  to  day  14  to  15  postengraf tment , 
classical  symptoms  of  GVHD  were  noticeable  in  histological 
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Table  35. 
Suppression  of  lethal  GVHD  by  rewbom  spleen  oells  in  (BIO  X 
B10.m)F,  host  animals  reconstituted  with  semi -allogeneic 
adult  Bid. BR  spleen  cells. 


Responding  cell  population        Survival  Tines  (a) 


BIO. BR  7,  8,  9,  10,  10,  10,  10,  10 

[9] 
BIO. BR  +  CBA/J  Adult  cells         7,  9,  12  [9] 
BIO. BR  +  CBA/J  Newborn 

spleen  cells  8,  12,  50+,  50+,  50-f,  50+ 

[45+] 
Newborn  CBA/J  spleen  cslls         50+,  50+,  50+  [50+] 

BIO. BR  +  Newborn  (BIO. BR  x  SWR)F, 

spleen  cells  7,  7,  7,  8,  8,  9,  9,  9,  9,  10, 

10,  10,  10,  11  [9] 


a)  The  number  represents  the  day  postengraftmsnt  that  a  given  animal 
died.  Underlined  dates  represent  mice  that  have  lived 
considerably  longer  than  control  GVH  animals.  The  number  within  [ 
]  indicates  the  mean  survival  time  of  a  given  series  of  animals. 
The  symbol  +  indicates  that  those  animals  were  still  living  after 
that  day  and  did  not  appear  to  suffer  from  GVHD. 
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Table  36. 

Sippression  of  lethal  GVHD  by  newborn  spleen  cells  in  B6  host 
aninals  reconstituted  with  allogeneic  adult  BIO.ER  spleen 
cells. 


Responding  cell  peculation        Survival  Tines  (a) 


BIO-BR  6,  7,  8,  8,  10,  12  [9] 

BIO. BR  +  CBA/J  Adult  cells  7,  8,  11  [9] 

BIO. BR  +  CBA/J  Newborn 

thymus  cslls  5,  6,  6,  7  [6] 

BIO. BR  +  CBA/J  Newborn 
spleen  cells 

10:1  (b)  10,  14,  25+,  25+,  72,  74 

[36+] 

14:1  9,  30+,  30+,  40+  [27+] 

28:1  8,  30+,  30+,  40+  [27+] 

56:1  10,  11,  30+,  30+  [20+] 

100:1  7,  9,  10,  10,  12  [10] 

BIO. BR  +  CBA/J  Newborn  spleen 

supemate  6,  7,  16  [10] 

BIO. BR  +  AKR  Newborn  spleen  cells   8,  20+,  20+,  20+  [17+] 


a)  The  number  represents  the  day  postengraftmsnt  that  a  given  nouse 
died.  Underlined  dates  represent  mice  that  have  lived 
considerably  longer  than  control  GVH  animals.  The  number  within  [ 
]  indicates  the  nean  survival  tine  of  a  given  series  of  animals. 
The  symbol  +  indicates  that  those  animals  were  still  living  after 
that  day  and  did  not  appear  to  suffer  fran  GVHD. 
The  ratio  of  adult :newbDrn  oslls  used  in  a  given  experinent. 


b) 


161 


sections  beginning  on  day  5  to  6 .  Such  animals  exhibited    '~ 
wasting,  diarrhea,  a  hunched  posture  and  hypothermia. 

Of  the  long  term  surviving  animals,  approximately  30% 
developed  symptoms  of  chronic  GVHD.  Between  days  35  and  50 
postengraftment,  these  mice  became  lethargic,  developed  skin 
lesions,  and  showed  some  fur  loss  with  associated  redness  of 
the  skin  (Figure  38).  Histologic  examination  revealed 
leukocytic  infiltration  in  the  dermis  of  the  affected  areas. 
In  addition,  the  liver  often  showed  abnormal  histology, 
including  a  "punched  out"  appearance  similar  to  chronic 
hepatitis,  loss  of  hepatocytes,  and  disruption  of  the  liver 
chord  pattern  (Figures  39  and  40).  No  gross  abnormalities 
were  seen  in  either  the  spleen,  kidney  or  intestines. 

iii.  Functional  reactivity  of  donor  cell  populations  after 
initial  period  of  culturing 

To  control  for  the  possibility  that  the  culturing  of 
adult  cells  with  CBA/J  newborn  spleen  cells  led  to  a 
functional  inactivation,  these  mixed  donor  cell  populations 
were  tested  for  their  mitogenic  responsiveness  to  the  T  cell 
mitogen  Con  A  and  the  B  cell  mitogen  LPS.  As  shown  in  Table 
37,  adult  BIO. BR  cells  cultured  alone,  as  well  as  BIO. BR 
cells  cultured  with  newborn  CBA/J  cells  responded  strongly 


Figure  38.  The  skin  of  a  CBA/J  nevtorn  suppressed  mouse  day 
72.  This  skin  belonged  to  the  mouse  examined  in  the 
previous  micrograph.  By  day  25  this  mouse  began  to  lose 
soitB  of  its  fur  and  v^ere  it  did  lose  it,  the  skin  was  red. 
In  this  figure  leukocytic  infiltrates  are  found  in  the 
dermis  (lovrer  left  corner),  vhile  the  epidermis  appears 
normal  and  acellular.  From  this  finding  it  appears  chronic 
GVHD  exists  in  the  animal. 
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Figure  39.  The  liver  of  a  CBA/J  newborn  G7H  suppressed  nouse 
day  72.  This  (BIO  x  B10.BR)F,  aninal  was  reconstituted 
with  BIO. BR  splenocytes  treated  with  CBA/J  nevfeorn 
suppressor  cells.  This  animal  survived  much  longer  than  did 
the  GVH  control  mice  v*io  died  by  day  14.  This  liver 
demonstrates  a  "punched  out"  lesion.  Here  nuiterous  vacoules 
are  seen  within  the  vacoule  is  a  nucleus. 

Figure  40.  A  higher  magnification  of  the  previous 
micrograph.  This  micrograph  reveals  the  heterogeneity  of  the 
nuclear  ramnts.  Tte  liver  is  obviously  different  from  the 
acute  GVHD  liver  pathology  seen  in  Figure  10. 
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Table  37. 
The  ability  of  BIO. BR  splenocytes  incubated  with  CBA/J  newborn 
splenocytes  to  respond  to  mitogens. 
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H-TdR  Incorporation  CPM+SD  (a) 


cell  population 


no  addition 


BlO.m  untreated  (d)   5977+  899 

9559+  908 


BIO. BR  cultured 
alone  for  18  hr  (e) 


BIO. BR  with  CBA/J  NB  13067+1642 
cocultured  18  hrs  (f) 


Newborn  splenocytes 
cultured  alons  18hrs 

(g) 


2059+461 


Con  A  (b) 


2314+  609 


LPS  (c) 


45398+13849    64360+6330 
96703+8313     93245+3892 

94637+1540     90382+3493 


2302+  286 


^^  f  JcfS  ^!?d?^^"^^^  ^^  '^   ^"  folloving  a  12  hr  pulse  with 

b)  Concanavalin  A  dose  was  5  Mg/ml. 

c)  Lipopolysaccharide  dose  was  100  pg/ml. 

S?;^  splenocytes  v^re  removed  fron  the  animal  iimediately 

e)  10  BIO. BR  splenocytes  <^re  incubated  for  18  hrs  in 
untreated  nedia. 

f )  10  BIO. BR  splenocytes  ;,ere  incubated  with  30  x  10^  CBA/J 
newborngsplenocytes  for  18  hrs  in  itedia. 

^dia    "^"^^^^  splenocytes  ^^re  incubated  for  18  hrs  in 
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toward  both  Con  A  and  LPS.  Thus,  the  donor  cell  populations 
were  still  functional  at  the  time  of  injection  into  the  host 
mice. 

iv.   Functional  reactivity  of  lymphocytes  derived  from  long 
term  surviving  host  mice 

As  demonstrated  earlier,  protocols  have  been  described 
which  permit  functional  testing  of  cells  derived  from  organs 
undergoing  severe  lethal  GVH  reactivity.  Using  these 
procedures,  it  was  possible  to  examine  the  proliferative  and 
cytolytic  reactivities  of  cells  residing  in  the  organs  of 
control  and  experimental  mice.  Spleen  cells  prepared  from 
control  mice  exhibiting  signs  of  severe  GVHD  were  removed  on 
day  5  to  6  and  cultured  overnight  before  using  as  responding 
cells  in  PLT  assays.  Similarly,  spleen  cells  were  prepared 
on  days  7  to  8  and  25  to  26  from  experimental  animals 
showing  signs  indicative  of  long  term  survival.  As  presented 
in  Table  38,  cells  from  the  GVH  control  mice  responded 
against  B6,  BIO.AOR)  and  B10.A(5R)  cells  expressing  the 
I-A  derived  gene  product  similar  to  the  F^  hosts.  In 
contrast,  cells  obtained  from  the  long  term  surviving  mice 
failed  to  respond  to  any  of  the  stimulating  cells  tested. 
Similar  results  were  found  with  cells  removed  from  B6  host 
mice  (Table  39).  In  this  case,  however  all  the  cell 
populations  were  tested  and  found  to  be  activated  by  the 


Table  38. 
The  inability  of  lyitphocytes  obtained  from  r^wborn  CBA/J 
suppressed  GVHD  to  respond  in  a  PLT. 
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H- 

2  Gene 

tics 

"^H-ldR 

Incorporation  CPM+S) 

Control  G7H 

CBA/J  newborn 

Stimulator 

primed  cells 
(a,b) 

suppr 
cells 

essed  GVH 

Strain 

K 

A 

J 

E 

D 

(a,c) 

Day  7 

Day25 

none 

- 

- 

- 

- 

- 

829+  115 

3349+175 

BIO. BR 

k 

k 

k 

k 

k 

753+  69 

1206+  36 

2785+457 

B6 

b 

b 

b 

b 

b 

24828+1195 

3043+808 

4239+  85 

BIO.MBR 

b 

k 

k 

k 

q 

1111+  171 

1454+  86 

B10.A(5R) 

b 

b 

k 

k 

d 

16920+  267 

5553+324 

BIO.AOR) 

b 

b 

b 

k 

d 

21088+1515 

3373+378 

BIO.CD 

d 

d 

b 

b 

b 

5163+  592 

3295+500 

B10.A(4R) 

k 

k 

b 

b 

b 

1081+  209 

2979+  92 

B10.A(2R) 

k 

k 

k 

k 

b 

981+   9 

2179+495 

a)  PLTs  vere  harvested  at  48  hrs  following  a  12  hr  pulse  with  1 
HCi  of  -^H-TdR. 

b)  GVH  reactivity  was  induced  in  sublethally  irradiated  (BIO  x 
B10.BR)F,  mice  with  BIO. BR  splenocytes  Oiich  were  cultured 
overnight  prior  to  use.  On  day  5,  the  spleens  were  collected, 
made  into  a  single  cell  suspension  and  cultured  overnight 
prior  to  use. 

c)  Suppressed  GVH  reactivity  was  induced  in  sublethally 
irradiated  (BIO  x  B10.m)F,  mice  with  BIO. BR  splenocytes 
which  were  oocultured  with  CBA/J  newborn  splenocytes  overnight 
prior  to  use.  On  day  5,  the  spleens  were  collected,  mde  into 
a  single  csll  suspension  and  cultured  overnight  prior  to  use. 
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mitogens  Con  A  and  LPS.  By  day  60,  those  mice  which  did  not 
develop  chronic  GVHD  responded  to  third  party  alloantigens 
as  well  as  towards  the  donor  cells,  indicating  that  the 
donor  cells  had  been  rejected  and  that  the  host  animal  has 
recovered  from  the  radiation. 

The  cell  populations  isolated  from  the  CBA/J  newborn 
mediated  GVHD  suppressed  B6  hosts  engrafted  with  BIO. BR 
cells  were  also  tested  for  their  cytolytic  activity  in  the 
CML  assay  (Table  40).  Spleen  cells  from  both  the  control  and 
experimental  hosts  were  placed  in  culture  and  stimulated 
with  interleukin  2  for  7  days.  Cells  from  the  experimental 
mice  showed  large  loss  in  numbers  due  to  death.  Furthermore, 
when  examined  in  CML,  these  cells  failed  to  kill  either  the 
B6  or  BIO. BR  target  cells.  In  contrast,  cells  from  the 
control  animals  undergoing  severe  GVHD  not  only  expanded  in 
the  presence  of  the  interleukin  2,  but  also  proved  capable 
of  lysing  B6  target  cells,  syngeneic  with  the  host  mice. 

Experimental  animals  which  have  survived  considerably 
longer  than  the  GVH  control  animals  were  tested  for 
chimerism  by  determining  the  presence  of  H-2  antigens  of  the 
donor  (H-2'^  or  H-2^^)  and/or  the  host  (H-2^)  .  The 
splenocytes  from  a  sublethally  irradiated  B6  mouse  were 
lysed  only  by  the  anti-H-2   alloantisera  plus  complement 
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Table  40. 
The  inability  of  cells  obtained  frcan  a  newborn  CBA/J 
suppressed  GVHD  to  respond  in  a  CML.  (a). 


% 
GVH  Caitrol 

Specific  Release 
CBA/J  Newborn 

(b) 
suppressed 

Target  cells 

18:1   6:1 

17:1 

8:1 

4:1 

B6  Con  A  blasts 
BIO. BR  Con  A  blasts 

31     15 

2    -12 

0 
-3 

8 
-4 

1 
-4 

a)  The  splenocytes  from  (BIO  x  B10.BR)F^  mice  reconstituted 
with  BIO. BR  splenocytes  supplemented  with  CBA/J  newborn 
splenocytes  v>ere  removed  fran  the  animals  on  day  15  and  were 
fed  purified  interleukin  2  every  second  day  for  1  week. 

b)  This  test  v«s  performed  in  a  6  hr  assay.  Tte  effector  to 
target  ratios  were:  17:1,  8:1  and  4:1. 
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(96%).  The  cells  from  a  B6  mouse  reconstituted  by  the  BIO. BR 
cells  treated  with  the  CBA/J  newborn  suppressor  factor  were 
killed  by  both  the  anti-H-2   antisera  as  well  as  the 
anti-H-2   antibody,  66%  and  33%  respectively.  This 
evidence  would  suggest  that  the  reconstituted  animal  was  a 
chimera.  Chimerism  was  also  demonstrable  in  a  B6  mouse 
reconstituted  with  B10.A(3R)  splenocytes  treated  with  cells 
from  CBA/J  newborn  splenocytes.  Here  73%  of  the  lysable 
cells  were  killed  by  the  anti-H-2'^  antisera  plus 
complement,  while  24%  of  the  cells  were  killed  by  the 
anti-H-2   antibody  plus  complement.  Since  this  anti-H-2^ 
antibody  was  a  monoclonal  antibody  with  the  K^ 
specificity,  only  CBA/J  derived  cells  (H-2^)  were  lysed 
and  the  donor  cells  from  B10.A(3R)  which  are  K^  positive 
were  not  lysed. 

One  cell  which  constantly  appeared  to  expand  in 
interleukin  2  maintained  cultures  was  a  basophil/granulocyte 
like  cell  (Figure  41).  Interestingly,  this  cell  appeared  to 
be  clustered  with  lymphoid  cells.  From  these  functional 
studies  (Tables  36  and  37)  it  appears  that  these  mice  have 
no  anti-self  reactivity  and  that  the  suppression  due  to  the 
CBA/J  suppressor  cells  is  complete  as  judged  by  these  two 
functional  tests  used. 


Figure  41.  A  single  cell  suspension  prepared  from  a  (310  x 
B10.BR)F,   spleen  25  days  after  reconstitution  with  BlO.ER 
cells  ana  i^wborn  CBA/J  splenocytes.  Ttese  cells  vere 
cultured  for  10  days  in  the  presence  of  interleulcin  2. 
Nuiterous  large  basophilic  cells  containing  granules  are 
seen.  Ttese  cells  were  present  v*ien  the  single  cell 
suspension  was  initially  prepared  from  ti^  GVH  suppressed 
aniiral.  These  cells  were  taken  from  an  aniiial  undergoing 
chronic  G7HD. 
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V.    Genetic  Restrictions  in  the  ability  of  CBA/J  newborn 
cells  to  suppress  lethal  GVHD 

In  light  of  the  apparent  nonspecific  suppression  of 
adult  immune  reactivity  in  vitro  by  newborn  spleen  cells, 
it  was  surprising  to  find  that  not  all  newborn  spleen  cells 
were  capable  of  suppressing  GVHD  in  the  donor/recipient 
combinations,  e.g.,  the  BIO. BR,  SWR  or  the  (BIO. BR  x 
SWR)F,  combination  (Figure  35).  Examination  of  this 
question  in  several  genetic  situations  now  suggests  that 
there  are  genetic  restrictions  governing  the  ability  of 
newborn  spleen  cells  to  elicit  a  suppression  of  subsequent 
GVHD.  This  point  is  clearly  illustrated  with  a  few 
representative  experiments  presented  in  Table  41.  The  first 
restriction  that  becomes  apparent  is  the  requirement  for 
histocompatibility  (most  likely  at  the  17    Chromosome) 
between  the  newborn  suppressor  cell  population  and  the  donor 

cell  population.  Thus,  whereas  CBA/J  newborn  cells  suppress 

If 
adult  cells  expressing  the  H-2   haplotype,  they  are 

incapable  of  inhibiting  adult  cells  of  unrelated  adult  cells 

of  unrelated  H-2  haplotypes ,  e.g.,  BlO.WB  (H-2^^)  hosts 

engrafted  with  B6  (H-2  )  cells,  as  shown  in  Table  41  set 

1. 
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Table  41. 
The  genetic  restrictions  in  the  suppression  of  lethal  GVHD  by 
newborn  ^leen  cells  in  host  animals  reconstituted  with 
allogeneic  adult  spleen  cells. 

Reconstituting  cslls     Hosts     Day  of  IVkDrtality:  (a) 

SET  1  ~ 

B6  BIO.WB       5,  6,  7  [6] 

B6  +  CBA/J  Ifewborn  cells  6,  7,  8  [7] 

SET  2 

B10.A(5R)  B6        5,  12,  20  [12] 

B10.A(5R)  +  CBA/J  Newborn  cells     5,  14,  38+,  38+  [24+] 

B10.A(3R)  B6        12,  12,  12,  14,  30.  [16] 

B10.A(3R)  +  CBA/J  Newborn  cells     14,  19,  20,  50+,  50+,  50+ 

[34+] 

B10.A(4R)  B6  7,   11,   12   [10] 

B10.A(4R)  +  CBA/J  Newborn  cells  11,  11,   11,   11  [11] 

B10.A(2R)  B6  4,   5,   10    [6] 

B10.A(2R)   +  CBA/J  Newborn  cells  5,   5,   5   [5] 

BIO.MBR  B6  5,   6,   7,   10,    10,   10   [8] 

BIO.MBR  +  CBA/J  feivborn  cells  4,   6,   10,   10,    10,   10,    11,   19 

[10] 

BIO.HTT  B6        7,  7,  8  [7] 

BIO.HTT  +  CBA/J  newborn  cells      7,  7,  8  [7] 

SET  3 

B10.D2  B6  10,   12,   13,    16   [13] 

B10.D2  +  CBA/J  Newborn  cells  8,   8,  8,  10   [9] 

B10.D2  +  BALB/c  Newborn  cells  10,   10,   10,   10   [10] 

B10.D2  +  SBC  Newborn  cells   .  7,   14   [10] 

B10.D2  +  SEA  Newborn  cells  26,   45,   46  [39+] 

B10.D2  +  DBA/2  Newborn  cells  10,   12,   25,   60+,   60+,   60+ 

[38+] 

SET  4 

SWR  B6        8,  9,  10,  10,  10  [10] 

SWR  +  SWR  Newborn  cells  9,  10,  10,  11,  11  [10] 

a)  Underlined  dates  represent  mice  that  have  lived  considerably 

longer  than  control  G7H  animals.  The  number  within  [  ]  indicates 
the  mean  survival  time  of  a  given  series  of  animals.  Ths  symbol  + 
indicates  that  those  animals  vere  still  living  after  that  day  and 
did  not  appear  to  suffer  from  G7HD. 
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The  apparent  H-2  restriction  observed  with  CBA/J 
newborn  cells  using  various  strains  carrying  recombinant  H-2 
haplotypes  derived  from  the  a  and  b  parental  haplotypes  were 
also  investigated.  As  presented  in  Table  41  set  2,  CBA/J 
newborn  cells  suppressed  the  GVH  reactivity  of  BIO.AOR)  and 
B10.A(5R)  but  not  of  B10.A(4R),  B10.A(2R),  BIO.MBR,  B10.D2 
and  BIO.HTT. 

A  second  genetic  factor  in  the  suppression  of  adult  GVH 
reactivity  by  newborn  spleen  cells  apparently  involves  a 
non-H-2  genetic  system,  which  at  this  time  correlates  with 
the  expression  of  the  Mis  locus.  In  the  examples  thus  far 
presented,  CBA/J  and  AKR  but  not  BIO. BR,  SWR,  B6  or  (BIO. BR 
X  SWR)Fj^  newborn  spleen  cells  elicited  suppression.  Two 
further  examples  are  presented  in  Table  41  sets  3  and  4.  In 
the  H-2   haplotype  system,  DBA/2  and  SEA  but  not  SEC  or 
BALB/c  newborn  spleen  cells  were  able  to  elicit  suppression 
of  adult  B10.D2  reactivity  in  B6  hosts.  In  the  H-2^ 
haplotype  system,  DBA/1  and  BUB  but  not  SWR  newborn  spleen 
cells  suppressed  GVH  activity  of  adult  BIO.Q  or  SWR  cells  in 
B6  host  mice.  Each  of  the  strains  which  proved  capable  of 

eliciting  a  suppression  expresses  the  strong  Mis  locus 

a/d 
phenotype,  (Mis    ),  while  all  the  strains  which  proved 

incapable  of  suppressing  the  GVH  reaction  express  the  null 
allele  of  Mis,  Mls^. 
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vi.  The  presence  of  newborn  spleen  cells  incapable  of 
suppressing  the  GVH  reactivity  of  adult  cells  fails  to 
modify  the  response  of  the  sensitized  donor  cells 

Cells  recovered  from  mice  which  have  been  engrafted 
with  adult  plus  newborn  cells  but  which  still  undergo  severe 
GVH  disease  exhibit  the  same  in  vitro  response  pattern  as 
cells  recovered  from  the  spleens  of  hosts  dying  from  GVH 
induced  by  adult  allogeneic  cells  alone.  This  is  shown  in 
Table  42  in  which  B6  hosts  were  engrafted  with  adult  SWR 
cells  or  adult  plus  newborn  SWR  cells.  The  SWR  cells  proved 
incapable  of  eliciting  suppression  as  they  bear  the  null 
allele  of  Mis.  The  cells  from  each  set  of  hosts  when 
stimulated  in  vitro  with  a  panel  of  secondary  MLR 
stimulating  cells  exhibited  identical  response  patterns. 


C.    Attempts  to  prevent  GVHD  using  newborn  spleen 
supernates 


i.    Characterization  of  the  newborn  supernate 

The  newborn  spleen  associated  suppressor  cell 
population  has  been  shown  by  Peeler  et  al.  (106)  to  elicit 
its  suppressor  activity  in  part  through  secretion  of 
soluble,  culture  stable  materials,  which  in  turn  initiates 
activation  of  the  suppressor  limb  of  the  immune  response. 
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Table  42. 
The  Ability  of  lyirphocytes  obtained  fron  newborn  SWR  splenocytes 
suppleniented  GVHD  to  respond  in  a  PLT. 


i 


H-TdR  incorporation  CPiVH-SD  (a) 


Stimulator 
Cells 


SWR  anti  B6 

SWR  +  SWR  NB  anti  B6 

(b) 

(c) 

419+  259 

237+  328 

2718+  210 

2136+   45 

50668+9675 

62687+12826 

85819+  81 

84995+  1704 

57390+1446 

61700+ 

2250+2678 

1767+  1398 

14405+3122 

10627+  2610 

3646+  296 

1846+   17 

7169+  257 

5928+ 

none 

SWR 

B6 

B10.A(5R) 

B10.A(3R) 

B10.A(4R) 

BIO.GD 

BIO.MBR 

BIO. BR 


■> 


a)  PLTs  v^re  harvested  at  48  hrs  following  a  12  hr  pulse  with  1  nCi 
of  H-TdR. 

b)  G7H  reactivity  vas  induced  in  sublethally  irradiated  B6  mice  with 
3®  splenocytes  which  were  cultured  overnight  prior  to  use.  On  day 
5,  the  spleens  vere  collected,  made  into  a  single  cell  suspension 
and  cultured  overnight  prior  to  use  in  PLT. 

c)  G7H  reactivity  was  induced  in  sublethally  irradiated  B6  mice  with 
3flR   splenocytes  which  vere  oocultured  with  SWR  newborn  splenocytes 
overnight  prior  to  use.  On  day  5,  the  spleens  were  collected,  made 
into  a  single  oell  suspension  and  cultured  overnight  prior  to  use. 
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Before  carrying  out  in  vivo  studies  with  newborn  supernate 
it  was  decided  to  further  characterize  the  factor (s) 
involved.  Newborn  supernates  from  various  mice  were 
collected  and  pooled.  When  200  mis  of  the  supernate  was 
collected  it  was  concentrated  using  an  Amicon  PM  10  filter. 
This  filter  allows  the  compounds  with  a  molecular  weight 
less  than  10,000  daltons  to  pass  through,  while  retaining 
those  substances  with  a  higher  molecular  weight.  When  a 
final  volume  of  10  mis  of  the  >10,000  M.W.  material  was 
obtained,  a  dose  response  curve  of  suppressor  activity  by 
this  preparation  was  determined  (Figure  42).  The  dose 
response  curve  of  this  supernate  illustrated  a  bimodal  shape 
with  a  suppression  of  30  to  50%  over  a  range  of  1.2%  to  10% 
v/v.  No  genetic  restrictions  were  seen  when  these  in  vitro 
tests  were  performed.  As  a  control  for  this  activity,  10% 
normal  mouse  serum  was  used.  This  was  based  on  the  fact  that 
the  newborn  supernate  was  generated  in  0.5%  NMS  and  these 
supernates  were  concentrated  20  times  the  serum  equivalent. 
When  CBA/J  newborn  supernates  were  generated  in  serum  free 
media  a  similar  dose  response  curve  was  obtained. 

ii.   Size  profile  of  the  newborn  supernate  factors 

Concentrated  newborn  supernate  was  passed  through  a 
sephacryl  300  column.  The  material  was  collected,  each 
fraction  was  concentrated  10  fold,  filter  sterilized,  and 


CQ 
(^ 

in  j^  3 

V88 

•i-t    CO 
4J    0) 

a  a; 

O   (0 

OT    ><  0) 
Vj  XI  4-> 

o      o 
■g  a>  (1) 

."J 


8'^^8'y 


182 


CO  m     < 


u 

O 


UI  LlJ 

2  cr 


Si 

2cn 


z 
3  >- 

Q.  H 
<  L. 

if 


en 
Q 


00 

o 


Q 


O 


Q 
UJ 
Q 

Q 
< 

o 
!5 

Z 
bJ 
O 


O 
ro    O 


_  <M 
O 


in 


3SN0dS3a    l^ni^lXVlN    iN30H3d 


183 


tested  for  suppressor  activity  as  shown  in  Figure  43.  Three 
peaks  of  activity  could  be  found:  one  low  molecular  weight 
substance  which  eluted  off  in  the  last  fraction  and 
corresponded  to  the  low  molecular  weight  substance  which 
passed  through  the  Ami con  PM  10  filter,  a  second  fraction 
with  a  molecular  weight  similar  to  bovine  albumin,  or  60,000 
daltons,  and  a  third  substance  with  a  molecular  weight 
higher  than  albumin,  but  less  than  the  molecular  weight  of 
IgG.  These  compounds  were  not  alpha  fetoprotein  because  by 
Ouchterlony  analysis  no  line  of  precipitation  was  observed, 
whereas,  a  line  of  precipitation  was  seen  when  AFP  was  used 
(Figure  44).  No  attempt  was  made  to  determine  whether  this 
larger  suppressor  factor  was  a  dimer  of  the  60,000  dalton 
protein,  due  to  the  scarcity  of  the  protein. 

Analysis  using  a  SDS-acrylamide  gel  has  exhibited  2 
bands  in  the  range  of  6000  to  9000  daltons  which  are  present 
in  cell  supernates  derived  from  C3H/HeJ,  BALB/c  or  BIO.M 
newborn  mice.  Neither  band  was  present  when  the  cells  from 
adult  mice  were  cultured  for  an  identical  time  (Figure  45). 
In  addition,  a  higher  molecular  weight  species  was 
identified  in  the  60,000  dalton  region  of  the  gel  which 
corresponded  to  the  higher  molecular  species  isolated 
earlier. 
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Figure  45.  a)S-acrylamide  analysis  of  the  newborn  factors. 
Splenocytes  from  either  newborn  C3H/He,  BALB/c  and  BlO.M 
mice  of  adult  C3H/He  and  BALB/c  were  incubated  in  PBS  for 
three  days.  Afterwards  the   supernates  were  electrophoresed 
on  a  15  to  30%  continous  SDS-acrylamide  gel.  The  order  of 
supernates  tested  were  adult  C3H/He  (lane  1),  newborn  C3H/He 
(lane  2),  newborn  BlO.M  (lane  3),  newborn  BALB/c  (lane  4) 
and  adult  BALB/c  ( lane  5 ) .  Fetal  calf  serum  was  a  control  in 
lane  6,  v*iile  different  adenovirus  proteins  served  as  a 
control  for  the  molecular  v^eight  markers  (lane  7). 
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iii.  Time  of  addition  studies  of  the  newborn  factors 

Testing  the  fractions  with  the  molecular  weight  of 
60,000  daltons  and  less  than  10,000  daltons,  it  was  possible 
to  examine  the  effect  of  each  in  the  MLR  with  respect  to 
time.  The  results  of  such  a  study  are  shown  in  Table  43.  The 
higher  molecular  weight  substance  is  capable  of  suppressing 
the  reaction  up  to  48  hrs.  In  contrast,  the  low  molecular 
weight  substance  does  not  exhibit  any  time  dependency. 

The  time  of  pulsing  the  primary  reaction  does  not  alter 
the  results  seen  in  Table  43.  The  results  are  identical  when 
the  culture  is  pulsed  with  ^H-TdR  at  96  or  120  hrs.  This 
illustrates  that  the  newborn  factors  simply  do  not  delay  the 
primary  response  but  do  indeed  suppress  the  reaction. 

Both  of  the  newborn  derived  suppressor  factors  were 
tested  for  activity  following  a)  heat  treatment  at  56  C  for 
90  min,  b)  UV  light  treatment,  or  c)  incubation  with  2.5  ng 
of  trypsin  for  1  hr  at  37  C.  The  first  two  treatments  did 
not  affect  the  biological  activity  of  either  factor  (data 
not  shown);  however,  treatment  with  the  trypsin  altered  the 
activities  of  both  factors  (Table  44). 

Another  aspect  of  this  experiment  was  an  attempt  to 
tentatively  identify  the  nature  of  these  suppressor  factors. 
The  MLR  was  subjected  to  treatment  with  either  histamine  or 
prostaglandin  E2  to  determine  what,  if  any,  effect  these 
naturally  occurring  agents  have  on  this  reaction.  Histamine 


Table  43. 
The  suppression  of  primary  MLR  by  adding  rewborn  supernate 
factors  at  different  times. 
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H-TdR  Incorporation  CPM+SD  (a) 


Time  of  addition  Control  MLR 

(b) 


0 

18  hours 
24  hours 
48  hours 
72  hours 


25078+1011 


High  MV  added  Low  IVW  added 
(c)  (d) 


14168+1616 
12841+  394 
14225+  591 
17055+1616 
23413+3383 


15558+2553 
17097+  999 
15530+  41 
18841+1498 
14491+  98 


a)  Primary  MLRs  v^re  harvested  at  96  hrs  of  the  reaction 
following  a  12  hr  pulse  with  1  nCi  H-TdR. 

b)  The  primary  MLR  was  BIO. BR  splenocytes  reacting  against 
irradiated  BIO  ^lenocytes. 

c)  The   high  molecular  veight  substance  was  added  to  the  primary 
MLR  culture  at  various  time  points.  The  final  voluite  of  the 
factor  was  10%. 

d)  The  low  molecular  veight  substance  was  added  to  the  primary 
MLR  culture  at  various  tine  points.  Tte  final  volutte  of  the 
factor  was  25%. 
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Table  44. 
The  effect  of  various  substances  on  a  primary  mixed  lynphocyte 

reaction. 


addition 


none  —  control   (a) 

Histamine  5.4  x  10~^M 
5.4  X  10~3 
5.4  X  10_^M 
5.4  X  10  rM 
5.4  X  10~'m 


Prostaglandin  EL     10_!:m 

10_iM 
10_°M 

10  -^"m 


H-TdR  Incorporation    %  of  Control  Response 


22935+3502 

20855+4078 
35186+5284 
38466+4183 
27040+1569 
23420+1246 

9352+  660 
11457+  853 
18667+3665 
20148+1128 
25070+2979 


CBA/J  Newborn  High  ^W 

Factor  10189+  796 

CBA/J  Newborn  High  MW  Factor 

Treated  with  Trypsin  (b)     32697+8435 

CBA/J  Newborn  Low  NW 

Factor  10743+3003 

CBA/J  Newborn  Low  m  Factor 

Treated  with  Trypsin  (c)     18275+3822 


Trypsin  (d) 


22717+6235 


100 

91 
153 
168 
118 
102 

41 
50 
81 

88 
109 


44 

143 

47 
80 
99 


a)  A  primary  MLR  vas  established  by  BIO. BR  splenocytes  reacting 
^gainst  B6  splenocytes.  The  cultures  were  pulsed  with  1  ^Ci  of 

H-TdR  at  96  hrs  for  12  hrs.  The  various  substances  were  added 
to  the  separate  veils  at  the  start  of  the  reaction. 

b)  A  sanple  of  the  high  MW  suppressor  factor  dsrived  fran  CBA/J 
newborn  splenocytes  was  incubated  with  2.5  ng  of  trypsin  for  2 
hrs  at  37  C  prior  to  use  in  this  culture. 

c)  A  sanple  of  the  low  W   suppressor  factor  derived  from  CBA/J 
newborn  splenocytes  was  incubated  with  2.5  ng  of  trypsin  for  2 
hrs  at  37  C  prior  to  use  in  this  culture. 

d)  An  aliqout  of  the  2.5  ng  of  trypsin  was  incubated  by  itself  in  a 
volume  eqiaal  to  that  containing  the  newborn  suppressor  factors  for 
2  hrs  at  37  C  prior  to  use  in  this  culture. 
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m  a  concentration  over  a  range  of  5.4  x  10    M  to  5.4  x 

-7 
10   M  demonstrated  little  if  any  inhibition  of 

proliferation,  but  actually  enhanced  the  proliferation  at 

concentrations  between  5.4  x  10~   and  5.4  x  10~^. 

Prostaglandin  E  ,  however,  showed  a  different  dose 

response  phenomenon.  High  doses  of  this  substance  (10~^  M 

-7 
and  10   M)  suppressed  the  reaction.  It  is  unlikely  that 

the  newborn  material  is  Prostraglandin  E^  because  these 

doses  of  prostaglandin  suppressed  iVlLR  reactivity  only  if 

added  during  the  first  48  hrs.  Additionally,  the  molecular 

weight  of  the  proteins  seen  in  the  SDS-acrylamide  gel  was 

much  higher  than  the  molecular  weight  of  prostaglandin  E  . 

iv.   Effects  of  the  supernate  in  GVH 

To  determine  if  supernate  material  from  newborn  spleen 
cells  can  also  suppress  lethal  GVHD  (B6  x  BALB/c)F-  mice 
were  sublethally  irradiated  and  reconstituted  with  40  x 
10   BALB/c  cells  with  or  without  newborn  supernate.  One 
half  milliliter  of  the  newborn  supernate  was  injected  i.v. 
on  days  1,3  and  5.  The  results  of  one  experiment  are  shown 
in  Figure  46.  Unfortunately,  9  of  the  10  experimental  hosts 
died.  However,  the  fact  that  1  experimental  mouse  survived 
long  term  may  indicate  the  potential  of  newborn  suppressor 
factor  in  preventing  acute  lethal  GVHD. 
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In  addition  to  using  whole  newborn  supernate,  the  two 
isolated  fractions  were  also  tested  for  suppressor  activity. 
Only  the  low  molecular  weight  factor  prolonged  survival  in 
the  host  animals  where  1  of  6  experimental  animals  survived 
longer  than  5  weeks.  The  high  molecular  weight  material 
failed  to  prevent  GVHD.  In  addition,  treatment  of  the  donor 
BIO. BR  splenocytes  with  the  suppressor  factors  plus  adult 
CBA/J  splenocytes  failed  to  prevent  GVHD  in  the  experimental 
B6  mice.  These  experiments  would  suggest  that  the  newborn 
suppressor  cells  may  be  more  efficient  than  the  secreted 
suppressor  factors  alone  in  preventing  GVHD. 

D.    Attempts  to  prevent  lethal  GVHD  using  AFP 

AFP  has  been  shown  to  inhibit  quite  effectively  in 
vitro  cell  mediated  reactions  (81,82).  Since  AFP  is  present 
in  the  sera  of  newborn  mice,  the  question  can  be  raised 
whether  AFP  will  suppress  GVHD.  Pregnant  mice  were 
sacrificed  between  days  10  and  13  of  fetal  gestation.  The 
amniotic  fluid  was  aspirated  into  a  collection  flask.  After 
100  mis  of  the  amniotic  fluid  was  collected  it  was  passed 
over  an  affinity  chromatography  column  using  rabbit  anti- 
mouse  AFP  antibody.  The  antibody  and  affinity  column  were 
prepared  by  Dr.  A.  Kimura.  The  AFP  which  was  eluted  off  the 
column  was  dialyzed  and  concentrated.  This  AFP  was  shown  to 
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bind  to  the  rabbit  anti-mouse  AFP  antibody  (Figure  44)  and 
demonstrated  a  line  of  identity  with  an  AFP  standard 
obtained  from  Dr.  R.  Murgita.  This  AFP  was  shown  to  suppress 
a  primary  MLR  (Figure  42). 

GVHD  suppression  was  attempted  in  3  ways.  The  first 
method  involved  incubating  virgin  BIO. BR  splenocytes 
overnight  in  the  presence  of  a  dose  of  AFP  which  suppresses 
the  primary  MLR  (Figure  42).  When  these  cells  were  injected 
into  sublethally  irradiated  (BIO  x  B10.BR)F,  mice,  no  GVHD 
suppression  was  observed  (Table  45).  The  animals  died  on 
days  8,9  and  10,  while  the  control  GVHD  mice  died  on  days 
7,9  and  11. 

The  second  approach  was  to  generate  primed  cells  from  a 
MLR  run  in  the  presence  of  AFP.  The  concept  here  was  to 
obtain  specific  suppressor  cells  generated  by  AFP  which 
could  subsequently  inhibit  GVHD.  As  in  the  previous 
approach,  the  treated  mice  failed  to  survive  past  day  11. 
Unfortunately,  it  was  impossible  to  determine  whether  the 
mice  died  from  GVHD  induced  by  the  donor  allogeneic  cells  or 
the  AFP  primed  cells  which  were  injected.  Thus,  this 
approach  was  abandoned  because  of  the  technical  problems. 

A  third  approach  was  attempted  to  determine  whether 
systemic  levels  of  AFP  in  pregnant  females  was  sufficient  to 
prevent  acute  lethal  GVHD.  In  this  protocol  pregnant  CBA/J 
mice  were  sublethally  irradiated  and  reconstituted  with  40  x 
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Table  45. 
Lack  of  C57HD  suppression  in  AFP  treated  (BIO  x  B10.BR)F, 

mice. 


Reaction:  Day  of  Mcrtality:  (a) 

Control  Lethal  GJBD   (b)  7,  9,  11  [9] 

AFP  treated  mice  (c)  8,  9,  10  [9] 

AFP  treated  BIO  anti-BlO.BR 

prilled  cells  (d)  10,  10,  11  [10] 


a)  Day  in  viiich  the  mouse  died. 

b)  BIO. BR  splenocytes  vepe  cultured  overnight  in  media.  The 
following  day  40  x  10°  cells  v;ere  injected  i.v.  into 
sublethally  irradiated  (BIO  x  B10.BR)F,  mice.  Using  the  BIO 
splenocytes  in  place  of  BIO. BR  cells  generated  an  identical 
mortality  rate. 

c)  BIO. BR  splenocytes  were  cultured  overnight  in  AFP  at  a  dose 
\n*iich  v«s  shown  to  inhibit  primary  MLRs.  The  following  day  40 
X  10  cells  vere  injected  i.v.  into  sublethally  irradiated 
(BIO  X  B10.BR)F^  mice. 

d)  BIO  anti  BIO. BR  oells  were  generated  in  a  primary  I<1LR  in  the 
presence  of  AFP  by  Dr.  A.B.  Peck.  Ttese  prirted  cells  were 
incubated  with  virgin  BIO  splenocytes  for  2  hrs  before  being 
injected  into  sublethally  irradiated  (BIO  x  B10.BR)F,  mice. 
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10   BIO  splenocytes.  As  shown  in  Table  46,  pregnant 
animals  did  not  survive  longer  than  non  pregnant  mice.  Thus, 
this  experiment  suggests  that  AFP  levels  which  exists  in  the 
third  trimester  of  murine  gestation  were  insufficient  to 
prevent  acute  GVHD. 


Table  46. 
Inability  of  pregnant  females  to  be  suppressed  fron  acute  GVHD. 


Condition:  Day  of  Mortality: 


Non  pregnant  CBA/J  (a)      15,  16  [16] 
Pregnant  CBA/J  (b)  15,  16,  21  [17] 


a)  Two  CBA/J  fe^les  were  sublethally  irradiated  and  reconstituted 
with  40  X  10  BIO  ^lenocytes.  Mortality  was  scored  on  tte  day 
the  iTDuse  died. 

b)  Three  CBA/J  females  which  were  pregnant  (days  14  to  15)  were 
sublethally  irradiated  and  reconstituted  with  40  x  10  BIO 
splenocytes.  Mortality  was  scored  on  the  day  the  mouse  died. 
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DISCUSSION 


4.1   Need  For  Immunosuppression  For  the  Development  of 
GVHD  


The  first  set  of  experiments  (Tables  2  and  3)  revealed 
graft  versus  host  reactions  were  only  observed  in 
immunocompromised  individuals.  Nonirradiated  F^  mice, 
which  might  be  expected  to  be  susceptible  to  parental  cell 
attack,  did  not  develop  GVHD,  contrary  to  the  classical  laws 
of  transplantation  (see  section  1.1).  On  the  other  hand, 
those  animals  which  were  sublethally  irradiated  and 
reconstituted  with  allogeneic  cells  developed  classical  GVH 
conditions  such  as  wasting,  diarrhea,  lethargy  and 
hypothermia.  The  dose  of  irradiation  used  to  suppress  the 
host  and  make  GVHD  possible  was  not  sufficient  to  kill  the 
host  via  total  immunosuppression  due  to  the  associated 
leukocytopenia  (Figure  4).  The  dose  used  in  these  studies, 
then,  allows  the  host's  immune  system  to  recover  to  a  degree 
which  protects  the  host  from  its  environment,  yet  weakens 
the  host  enough  so  that  engraftment  of  allogenic  cells  are 
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generally  lethal.  This  may  approximate  the  situation  in  bone 
marrow  transplants  when  bone  marrow  engraftment  does  occur. 

4.2   The  Kinetics  of  GVHR 

In  general,  GVH  reactions  followed  distinct  kinetics 
(Figure  5).  Combinations  which  differed  at  the  entire  H-2 
locus  produced  the  mortality  within  the  first  10  days.  In 
the  allogeneic  reactions,  death  occured  between  days  5  to  10 
while  in  semi-allogeneic  reactions  mortality  was  observed  at 
days  8  to  14.  In  class  I  disparate  combinations  using  K/D  or 
D  region  differences,  mortality  occurred  between  days  10  to 
25;  however  about  25%  of  the  recipients  survived  longer  than 
5  months.  In  I  region  mismatches,  mortality  was  dependent  on 
the  genetic  combination.  Complete  mortality  was  observed  by 
day  18  in  BIO.AQR  anti-(B10 .T( 6R)  x  B10.AQR)F,  (Figure  5) 
and  (BIO  x  B10.Q)F   anti-BlO.MBR  (Figure  23).  In  (BIO.MBR 
X  B10.GD)F^  anti-BlO  there  was  a  30%  mortality  (Figure 
24),  while  in  BlO.SOR)  anti-(A.TL  x  B10.HTT)F   no 
mortality  was  observed  even  after  2  months  after  cell 
engraftment  (Figure  25).  Minor  histocompatibility  mismatches 
also  produced  different  survival  patterns:  BALB/c  anti-DBA/2 
exhibited  little  if  any  mortality,  B10.D2  anti-DBA/2 
demonstrated  a  more  severe  reaction  with  40%  mortality 
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(Figure  26),  CBA/Ca  anti-AKR  proved  to  be  the  most  severe  of 
the  minor  histoincompatible  reactions  with  80%  mortality 
after  30  days  (Figure  27).  Thus  a  wide  array  of  survival 
patterns  were  discovered  and  most  interestingly,  different 
functional  activities  were  found  in  different  reactions. 


4.3   The  Functional  Activities  of  the  T  Lymphocytes 
Recovered  from  GVH  Animals 


GVH  reactions  are  thought  to  be  initiated  by  T 
lymphocytes  when  these  donor  cells  come  into  contact  with 
the  recipient's  histocompatibility  antigens.  These  T  cells 
become  activated  against  the  foreign  antigens  and  respond  in 
a  number  of  ways,  i.e.  by  becoming  cytotoxic  T  cells,  helper 
T  cells  and/or  suppressor  T  cells.  I  found  that  T  cells 
generated  in  GVHR  can  be  recovered  with  functional 
activities  and  these  reactivities  are  highly  specific. 

It  has  generally  been  assumed  that  the  in  vitro 
correlate  of  GVH  is  the  mixed  lymphocyte  reaction  (109).  A 
great  deal  of  information  has  been  obtained  using  in  vitro 
tests.  Most  of  the  reactions  which  occur  in  vitro  do 
correlate  with  the  in  vivo  work,  therefore  it  can  probably 
be  inferred  that  the  two  situations  do  have  similar  factors 
responsible  for  reactivities  which  are  observed.  For 
example,  it  is  known  that  cells  which  are  primed  to  one 
antigen  will  only  respond  to  that  antigen  in  either  primed 


lymphocyte  tests  or  in  cell  mediated  lympholysis  reactions. 
Those  antigens  responsible  for  the  initial  stimulation  of  an 
immune  response  can  then  be  readily  identified.  From  the  in 
vJ-tJ^o  tests,  it  has  been  possible  to  test  whether  the 
reactions  which  occur  in  vitro  will  truly  predict  what  its 
in  vivo  counterpart  should  do. 

The  PLT  assays  have  revealed  that  class  II  molecules 
are  responsible  for  the  vast  majority  of  proliferation  which 
is  observed  in  vitro  by  the  GVH  primed  cells.  These 
observations  also  correlate  well  with  previous  studies  by 
Wolters  and  Benner  (110,111).  In  their  work,  GVH  primed  T 
cells  from  the  spleen  and  lymph  nodes,  were  capable  of  being 
adoptively  transferred  into  normal  virgin  animals  and  then 
were  capable  of  mounting  delayed  type  hypersensitivity 
reactions  against  challenges  of  primary  stimulating  I  region 
antigens,  but  not  against  K/D  antigens. 

Several  possibilities  exist  to  explain  this  phenomenon. 
First,  suppressor  T  cells  may  be  present  which  inhibit  K/D 
proliferation  from  occurring.  This  explanation  can  be 
eliminated  because  when  GVH  primed  cells  are  cocultured  with 
MLR  primed  cells,  which  are  permissive  for  K/D 
proliferation,  the  resultant  proliferation  towards  K/D 
antigens  occurred  (Table  7)  illustrating  that  specific  K/D 
suppressor  cells  are  not  present.  Another  possibility  is 
that  incubation  of  the  GVH  lymphocytes  with  contaminating 
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PMNs  may  alter  the  responsiveness  of  the  lymphoblasts .  To 
rule  out  this  hypothesis,  GVH  primed  lymphoblasts  can  be 
centrifuged  with  a  higher  density  Ficoll-Hypaque  (d=1.101) 
which  will  eliminate  all  contaminating  PMNs  and  dying  cells. 
When  these  cells  are  tested  (Table  7)  the  same  proliferative 
responses  are  again  seen.  Thus,  it  appears  that  this  overall 
phenomenon  is  not  artif actual,  but  is  indeed  real.  It  would 
argue  that  some  unknown  in  vivo  environmental  influences 
are  operating  at  this  level. 

The  filtration  of  K/D  primed  cells  in  the  periphery 
before  these  cells  arrive  in  the  spleen  or  lymph  nodes  may 
be  a  possibility,  but  an  unlikely  one.  The  path  of  injected 
cells  in  the  host  is:  blood,  lung,  lymph  node  and  liver. 
Early  studies  by  Ford  and  Gowans  (112)  have  shown  that  by  12 
hrs  the  majority  of  donor  cells  have  arrived  within  the 
spleen  and  lymph  nodes  in  the  host.  The  absorption  studies 
performed  here  indicate  that  in  vitro  primed  proliferative 
cells  do  not  attach  to  mouse  fibroblast  monolayers 
possessing  the  appropriate  K/D  antigens.  This  is  in  contrast 
to  studies  by  Brondz  et  al.  (113)  who  showed  that  CTLs  are 
capable  of  being  absorbed  onto  fibroblast  monolayers, 
possessing  the  appropriate  K/D  antigens.  In  addition, 
cytotoxic  T  cells  directed  at  the  K/D  antigens  are  found  in 
the  spleen  (Tables  20  and  21)  and  this  would  indicate  these 
cells  are  already  present  within  the  spleen  and  have  not 


been  filtered  out  in  the  periphery.  Thus,  the  lack  of 
proliferative  reactivity  against  the  class  I  molecules  must 
have  a  different  basis. 

Another  in  vivo  environmental  effect  is  evident  when 
a  comparison  between  H-2  and  I  region  GVH  reactions  are 

compared.  Entire  H-2  mismatched  reactions  produce  many 

6  fi 

primed  cells,  2  x  10   to  5  x  10   cells/spleen,  while  I 

region  or  K/D  mismatched  reactions  only  yield  about  one 

sixth  of  the  number  of  primed  cells  (Table  4).  In  addition, 

the  quality  of  the  primed  cell  reactivity  in  I  region  GVH  is 

substantially  weaker  than  the  H-2  primed  cells,  despite  the 

fact  that  the  same  number  of  cells  were  used  to  initiate  the 

GVHR  as  well  as  used  in  the  PLT  assays.  In  contrast,  the  MLR 

system  predicts  both  reactions  will  yield  large  numbers  of 

primed  cells  which  will  respond  very  well  in  PLT  assays. 

This  anamolous  finding  indicates  some  in  vivo  synergistic 

effect  is  occurring  in  the  entire  H-2  GVHR,  while  in  the  I 

region  GVHR  an  essential  component  is  either  diminished  or 

is  missing.  The  same  type  of  finding  is  also  observed  in  the 

Mis  minor  histocompatibility  systems.  In  vitro  reactions 

against  the  Mis  determinants  are  very  strong  and  demonstrate 

excellant  secondary  responsiveness,  similar  to  I  region 

mismatches.  Primed  cells  generated  in  minor 

histocompatibility  GVH  reactions  fail  to  show  strong 

responsiveness  (Tables  16  and  17). 
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In  K/D  disparate  reactions,  no  proliferative  responses 
are  demonstrated  (Table  15),  as  would  be  predicted  from  the 
data  observed  in  the  entire  H-2  mismatched  reactions  (Tables 
6,7,10,11,12,13,14).  For  some  unknown  reason  these  GVH 
primed  cells  do  not  respond  in  the  same  way  as  do  the  in 
vitro  primed  cells.  In  primary  MLRs  K/D  disparate 
combinations  are  very  strong.  It  would  appear  that  either 
the  in  vivo  environment  does  not  permit  proliferation 
towards  K/D  antigens  or  that  in  vivo  restraints  placed 
upon  these  reactions  are  not  present  in  the  in  vitro 
conditions.  The  former  possibility  is  probably  correct 
because  if  the  GVH  primed  cells  derived  from  an  entire  H-2 
mismatch  are  restimulated  twice  in  vitro,  the  pattern  of 
restimulation  that  is  observed  is  identical  to  that  pattern 
seen  when  the  GVH  primed  cells  are  first  tested.  No 
additional  reactivity  is  generated  against  the  class  I 
molecules,  indicating  no  new  antigens  are  recognized  de 
novo. 

What  the  mechanism  of  restraint  is,  remains  only 
speculative.  Perhaps,  the  crowded  environment  of  the  spleen, 
lymph  node  or  liver  does  not  allow  the  lymphoblasts  to 
expand  to  the  same  extent  as  they  do  in  the  free  environment 
of  a  tissue  culture  flask.  In  the  flask  conditions,  the 
primed  lymphocytes  probably  keep  expanding  until  optimal  or 
maximum  cell  concentrations  are  reached.  It  should  be  noted 
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that  the  primed  cells  obtained  from  GVH  animals  on  days  5  to 
14  of  the  reaction  appear  to  be  in  a  primed  state  and  do  not 
show  any  residual  mitotic  activity  (as  determined  by 

H-TdR  incorporation  by  primed  cells  alone).  When  MLR 
reactive  cells  are  tested  too  early  without  allowing 
sufficient  time  for  the  primed  cells  to  revert  back  into 
small  lymphocytes,  background  H-TdR  incorporation  is  very 
high  and  frequently  masks  any  secondary  responses  which  may 
be  present.  From  this  observation  it  is  postulated  that  the 
GVH  primed  cells  have  matured  quicker  and  have  reached  an 
equilibrium.  These  endstage  cells  do  not  need  to  replicate 
anymore  and  now  these  cells  only  mediate  their  effects 
without  further  need  for  cell  division.  This  explanation 
could  explain  why  proliferative  responses  to  K/D  antigens 
are  not  seen.  In  vivo  the  CTL  precursors  proliferate 
quickly  in  response  to  K/D  antigens  and  this  intermediate 
step  is  greatly  shortened  or  lost,  while  in  MLR  conditions 
this  intermediary  stage  has  been  prolonged  indefinitely  due 
to  the  lack  of  the  in  vivo  restraints. 

Cytotoxic  T  cells  are  also  readily  apparent  in  entire 
H-2  disparate  reactions  (Tables  20,  21),  supporting 
previously  published  data  (114).  The  presence  of  CTLs  in 
tissue  other  than  lymphoid  e.g.  liver  (Table  21),  is  a  new 
finding  and  does  fit  with  the  current  dogma  concerning  GVHD 
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pathogenesis.  Although  CTLs  are  seen  transiently  in  K/D 
disparate  reactions,  present  in  the  spleens  on  day  7  of  the 
GVHR  but  not  by  day  22,  no  CTL  activity  is  recoverable  when 
(Table  22)  these  animals  are  dying  with  GVHD  (Figure  5).  The 
presence  of  transient  CTL  activity  does  agree  with  a 
previous  study  by  Hamilton  and  coworkers  (115,116),  who  have 
suggested  that  CTL  precursors  do  emigrate  from  the  lymphoid 
tissue  when  they  become  active  CTLs.  Their  studies  showed 
that  CTL  precursors  are  present  in  the  spleens  of  animals 
who  are  not  displaying  clinical  signs  of  GVHD.  However,  when 
GVHD  does  start  presenting  itself  clinically,  CTL  activity 
is  readily  apparent.  Little  if  any  CTL  activity  is 
detectable  in  I  region  GVHs  (Table  25),  but  was  demonstrated 
in  the  minor  histocompatibility  reaction  of  CBA/Ca  anti-AKR 
(Table  32). 

When  purified  exogenous  interleukin  2  was  added  in 
vivo  to  a  K/D  disparate  combination,  the  mortality  rate 
sharply  increased  and  this  rate  approached  that  of  an  entire 
H-2  mismatch  GVH  (Figures  5  and  20).  Interestingly,  CTL 
activity  in  the  spleens  of  these  animals  did  not  increase  to 
the  extent  as  would  be  predicted  by  CTL  activity  found  in 
the  entire  H-2  disparate  GVH.  Instead,  CTL  activity  that  is 
observed  is  identical  to  the  amount  of  CTL  activity  found  in 
the  normal  K/D  disparate  GVHR  (Tables  23  and  24).  These  data 
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support  Hamiliton  and  Parkman's  premise  that  mature  CTLs 
could  have  migrated  out  of  the  spleen. 

These  IL  2  studies  do  not  prove  that  CTL  activity  is 
responsible  for  the  mortality  that  is  observed.  Other 
possible  mechanisms  of  IL  2  activity  exist  such  as: 
increased  natural  killer  cell  activity,  increased  helper  T 
cell  activity  or  activation  of  other  leukocytes  which 
trigger  an  inflammatory  response.  IL  2  has  been  reported  to 
enhance  NK  activity  in  vitro  (117)  as  well  as  help 
maintain  helper  T  cells  in  vitro  both  in  human  and  murine 
systems  (118,119).  Soluble  T  cell  derived  factors,  possibly 
IL  2  are  known  to  cause  mast  cells  to  degranulate  (120), 
leading  to  a  histamine  release  which  is  an  early  part  of  the 
hypersenitivity  response. 

The  presence  of  undetectable  CTLs  or  CTL  precursors 
which  are  expanded  in  vitro  by  IL  2  does  seem  to  correlate 
with  mortality  fairly  well.  In  an  H-2  mismatch,  the  presence 
of  large  numbers  of  CTLs  in  the  spleen  and  liver  correlates 
well  with  the  rapid  demise  of  the  hosts  by  days  5  to  14.  The 
large  number  of  CTLs  no  doubt  plays  a  role  in  the  host's 
death.  In  the  BlO.AQR  anti-(B10 .T( 6R)  x  B10.AQR)F, 
combination  these  expanded  lines  lyse  the  host's  I-a'^ 
positive  cells,  but  the  vast  majority  of  the  cytotoxic  T 
cells  appear  to  recognize  the  donor  cells  as  being  foreign 
(Tables  26  and  28).  Thus,  a  host  versus  graft  reaction  also 
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appears  to  be  a  possible  mechanism  of  the  GVH  process.  Even 
though  these  hosts  are  nearly  lethally  irradiated  {650r)  the 
host  is  still  able  to  mount  some  type  of  counter  reaction. 
It  should  be  noted  that  studies  performed  by  Dr.  A.  Kimura 
(personal  communication)  have  shown  that  even  in  550r 
sublethally  irradiated  mice  some  form  of  cytotoxic  cells  can 
be  generated.  The  histopathological  lesions  of  GVH  are 
identical  to  HVG  (104),  so  the  pathology  does  not  reveal  any 
clear  distinctions.  By  the  very  nature  of  this  reaction  it 
is  impossible  to  distinguish  whether  the  donor  or  host  cells 
are  becoming  the  effector  cells.  Since  both  strains  of  mice 
possess  the  identical  K^  and  D  molecules  it  would  be 
impossible  to  distinguish  donor  cell  from  host  cell  by 
normal  serological  tests.  In  addition,  the  activated  cells 
are  T  cells  and  they  would  not  be  expected  to  bear  la 
markers  in  sufficient  quantity  to  distinguish  it  from  the 
other.  Even  if  la  markers  were  detected  by  very  sensitive 
methods  such  as  flow  cytometry,  the  intrepretation  would  be 
questionable  because  Delovitch  et_al.  (121)  have  reported 
that  donor  T  cells  are  capable  of  absorbing  the  host's  la 
molecules  during  GVH  reactions. 

One  interesting  finding  of  the  previous  combination  is 
that  the  reaction  of  BlO.AQR  anti-BlO .T( 6R)  is  very  weak  in 
its  ability  to  generate  CTLs  or  CTLp,  while  the  reverse 
reaction,  B10.T(6R)  anti-BlO.AQR  is  a  very  strong  reaction. 
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In  fact,  this  reaction  is  even  able  to  overcome  a  sublethal 
dose  of  radiation  to  develop  CTLs.  This  observation   sheds 
light  on  a  previously  reported  anomaly  first  described  by 
Elkins  (122),  which  was  not  readily  explainable  at  the  time 
its  publication.  In  this  system,  Elkins  demonstrated  that 
when  newborn  BIO.AQR  mice  were  injected  with  B10.T(6R)  cells 
the  majority  of  these  mice  died,  while  in  the  reverse 
direction,  B10.T{6R)  mice  completely  survived  an  injection 
of  BIO.AQR  cells.  Since  the  newborn  mice  are  totally 
immunoincompetent  at  birth  and  are  unable  to  mount  any  kind 
of  reaction,  only  GVH  reactions  occur.  Thus,  only  those 
reactions  in  the  hosts  which  develop  sufficient  numbers  of 
CTLs  or  CTLp  will  develop  mortality.  From  the  polarity  of 
the  reaction  in  developing  CTL  activity  in  vitro  with  IL  2 
it  is  apparent  that  B10.T(6R)  cells  should  readily  develop 
cytotoxic  activity  against  BIO.AQR,  but  the  reverse  reaction 
is  significantly  weaker.  Thus,  Elkin's  data  can  now  be 
explained  in  terms  of  CTL  activity  in  vivo. 

In  another  I  region  mismatch,  (BIO  x  B10.Q)F,  anti- 
BIO.MBR  rapid  mortality  was  observed  (Figure  23).  The  time 
in  which  mortality  was  observed  was  identical  to  that 
corresponding  to  a  whole  H-2  mismatch  (BIO  x  B10.Q)F 
anti-BlO.BR.  When  these  GVH  splenic  cells  are  expanded  with 
IL  2  in  vitro  for  10  days,  both  GVH  and  HVG  reactions  are 
present  with  about  equal  cytotoxic  strengths  (Table  29). 
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This  case  is  slightly  different  from  the  previous  situation, 
where  HVG  was  considerably  stronger  than  GVH. 

In  contrast  to  the  two  previous  I  region  combinations, 
the  (BIO.MBR  x  B10.GD)F   anti-BlO  combination  produces  a 
survival  curve  with  30%  mortality  (Figure  24),  which 
indicates  a  weak  GVHR.  When  these  splenocytes  from  day  5  of 
the  GVHR  are  expanded  in  vitro  with  IL  2,  only  a  weak 
cytolytic  response  can  be  generated  against  the  host  (Table 
30).  Such  a  weak  cytotoxic  response  could  conceivably  give 
rise  to  a  weak  GVHR.  From  the  strength  of  this  in  vitro 
response  it  would  appear  that  proliferative  types  of  cells 
outnumber  the  CTL  precursors  and  thus  limit  the  amount  of  IL 
2  that  the  CTLp  could  absorb.  It  would  therefore  be  of 
importance  to  clone  these  cells  so  that  a  homogenous  cell 
line  could  be  obtained  to  demonstrate  strong  cytolytic 
activity. 

In  the  BIO.SOR)  anti-(A.TL  x  B10.HTT)F   combination, 
no  CTL  or  CTLp  activity  is  demonstrable  (Table  34). 
Furthermore,  no  mortality  is  detected  even  after  40  days 
after  engraftment  (Figure  25).  This  shows  that  the  lack  of 
CTL  activity  matches  the  lack  of  GVHD  mortality. 

In  the  minor  histocompatibility  combinations  examined, 
cytotoxic  T  cells  are  demonstrated  in  those  combinations  in 
which  mortality  is  seen.  In  CBA/Ca  anti-AKR,  cytotoxic  T 
cells  can  be  found  which  lyse  AKR  cells  strongly,  and  DBA/1 
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and  DBA/2  cells  weakly  (Table  32).  The  survival  curves  of 
such  reactions  reveal  incomplete  mortality  (Figure  27).  In 
another  combination,  BALB/c  anti-DBA/2,  no  cytotoxic 
effectors  can  be  found  in  the  animals  on  the  days  they  were 
tested  (Tables  33  and  34).  But  if  cells  from  a  BALB/c  mutant 
strain,  BALB/c    ,  (a  strain  which  lacks  the  L 
molecule),  are  injected  into  DBA/2  mice,  a  completely 
different  survival  profile  is  obtained  (Figure  26).  This 
curve  is  one  in  which  death  occurs  by  day  12.  Cytotoxic 
cells  directed  at  the  L  chain  have  been  reported  (123) 
previously  and  it  appears  that  in  this  GVH  reaction  CTLs  may 
again  play  a  major  role  in  GVHD  pathogenesis. 

In  summary,  these  series  of  experiments  provide  a 
correlation  between  GVH  mortality  and  the  presence  of 
cytotoxic  T  cell  activity.  These  data  tend  to  favor  previous 
theories  about  in  vivo  graft  rejection,  whether  it  be 
skin,  kidney  or  graft  versus  host;  indicating  that  cytotoxic 
T  cells  play  a  role  in  tissue  destruction.  Recently,  these 
theories  have  come  under  attack  by  several  groups  including 
McKenzie  et  al .  (124,125)  and  Mason  (126,127).  Their  major 
arguments  have  relied  on  the  phenotype  of  the  cells 
recovered  from  graft  rejection  sites  along  with  the 
corresponding  negative  CML  assays.  Because  they  have 
eliminated  Lyt  2+  cells  from  their  initial  donor  populations 
and  fail  to  find  subsequently  Lyt  2+  cells  or  cytotoxic 
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activity,  they  believe  that  no  CTLs  are  present  in  their 
systems.  In  countering  such  studies  it  must  be  pointed  out 
that  cytotoxic  cells  do  not  necessarily  have  to  be  Lyt  2+. 
Swain  et  al. (47 )  have  shown  that  killer  cells  towards  I 
region  antigens  are  Lyt  1+  2-  cells.  In  the  present  study 
the  BIO.AQR  anti- (BIO .T( 6R)  x  B10.AQR)F^  effector  cells 
generated  were  largely  Lyt  1+  (80%)  while  some  cells  are 
weakly  Lyt  2+  (15  to  20%).  Furthermore,  McKenzie  and 
coworkers  did  not  expand  their  recovered  cell  populations 
in  vitro  with  IL  2  as  done  here  and  firmly  rule  out 
cytotoxic  T  cell  potential.  The  data  presented  here,  then, 
would  tend  to  agree  with  the  findings  that  when  GVH  primed 
cells  are  tested  in  CML  assays  the  same  day  as  they  are 
removed  from  the  host,  there  does  not  appear  to  be  any  anti 
host  CTL  activity.  But  what  if  McKenzie  and  fellow  workers 
had  expanded  their  recovered  cells  with  IL  2? 

These  studies  simply  correlate  GVHD  mortality  with  the 
presence  of  CTL  or  CTLp.  They  do  not  show  the  mechanism 
through  which  they  are  capable  of  working.  The  CTL  or  CTLp 
may  expand  and  attack  the  host's  leukocytes  or  bone  marrow 
cells  leaving  the  host  temporarily  immunoincompetent  and 
thereby  susceptible  to  infections.  In  H-2  disparate  GVH 
combinations  the  large  number  of  CTLs  probably  kill  the 
epithelial  cells  lining  the  gut  and  the  hepatocytes  which 
leads  to  quick  mortality.  However,  in  combinations  with 
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slower  mortalities  the  CTLs  probably  do  not  attack  the 
intestine  and  liver,  but  are  more  active  against  target 
cells  with  high  amounts  of  K/D  antigens,  such  as  leukocytes. 

4.4   The  Nonspecific  Factors  Influencing  Mortality  in  GVH 

Besides  the  specific  functional  immunological  reactions 
which  have  been  discussed,  there  also  exists  nonspecific 
factors  which  could  play  a  significant  role  in  the 
pathogenesis  of  GVHD.  Inflammatory  cells  most  noticeably  the 
polymorphonuclear  leukocytes  were  always  obtained  from 
effected  GVH  tissue,  i.e.  spleen,  lymph  nodes  and  liver. 
Fifty  percent  of  the  recovered  leukocytes  in  the  entire  H-2 
GVH  organs  were  PMNs,  while  in  K/D  or  I  region  GVHD,  90%  of 
these  populations  were  PMNs.  The  presence  of  these  cells 
could  be  explained  two  ways.  First,  the  natural  occurrence 
of  PMNs:  is  that  hematopoeisis  in  the  mouse  can  occur  in  the 
spleen  while  the  liver  can  be  a  site  of  extramedullary 
hematopoeisis  (128).  Second,  the  activated  lymphocytes  could 
be  secreting  chemotactic  factors  or  growth  factors,  such  as 
interleukin  3  ( IL  3).  These  factors  would  attract  or 
stimulate  colonies  of  granulocytes  to  develop  in  situ.  IL 
3  has  been  reported  to  be  secreted  by  T  cells/cytotoxic  T 
cells  (129).  In  addition,  IL  3  has  been  reported  to  contain 
granulocyte  colony  stimulating  factors  (130)  so  this 
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possibility  of  PMNs  being  attracted  to  the  GVH  effected 
organs  is  indeed  feasible.  Irradiated  control  mice  do  show 
the  presence  of  granulocytes,  but  the  quantities  of  these 
cells  (0.05  X  10   cells/spleen)  is  never  as  great  as  those 
seen  in  the  GVH  reactions  (5.0  x  10   cells/spleen).  Also, 
the  lymph  nodes  are  not  sites  of  hematopoeisis,  yet  PMNs  are 
found  here,  thus,  the  second  possibility  could  be 
responsible  for  this  phenomenon  in  the  GVH  lymph  nodes. 

What  ever  the  reason  PMNs  are  present,  the  question 
still  remains:  do  the  PMNs  play  any  role  in  the  associated 
tissue  destruction?  From  the  24  and  48  hr  CML  assays,  it 
would  appear  that  PMNs  are  not  directly  lytic,  despite  the 
prolonged  CML  assays  (Table  34).  However,  from  the  liver 
histology,  it  is  noticeable  that  the  PMNs  frequently  have 
invaded  the  parenchyma  along  with  the  lymphocytes.  The  PMNs 
could  be  attracted  into  such  areas  by  the  T  cells.  Because 
the  PMNs  have  such  a  short  lifespan,  these  cells  may  not 
exit  from  this  sites,  but  die  and  release  their  lysosomal 
enzymes.  These  enzymes  could  then  exacerbate  and  accelerate 
any  tissue  destruction  that  is  actively  occurring.  This 
model  would  support  McKenzie's  idea  of  a  delayed 
hypersensitivity  response  occurring  in  graft  rejection  sites 
(124,125).  This  mechanism  also  tends  to  be  supported  by  the 
indirect  evidence  seen  in  the  human  clinical  situation,  that 
when  GVHD  occurs  it  is  frequently  alleviated  with 
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inununosuppressi ve  drugs  such  as  cortisone  and  steroids, 
which  are  also  known  to  inhibit  inflammatory  reactions 
(131). 

Another  apparently  nonspecific  mechanism  important  in 
GVHD  pathogenesis  is  depicted  when  primed  T  lymphocytes 
induce  mortality  in  sublethally  irradiated  syngeneic, 
allogeneic  or  third  party  hosts.  The  pathology  of  these 
lesions  in  syngeneic  mice  are  markedly  different  from  the 
typical  GVH  reaction.  The  spleens  of  these  animals  are  often 
packed  with  lymphocytes  (Figure  33),  while  the  livers  of 
such  animals  are  often  congested  and  edematous.  Isolated 
patches  of  cellular  infiltrates  with  associated  mild 
necrosis  are  found.  Although  there  is  no  perivascular 
cuffing  of  leukocytes,  these  infiltrates  are  markedly 
distinct  (Figures  34  and  35)  from  those  seen  in  a  normal 
GVHR  (Figure  10).  In  contrast,  the  lesions  found  in 
allogeneic  animals  reconstituted  with  primed  lymphocytes  are 
similar  to  classical  GVHD  (Figure  29).  The  spleens  are 
necrotic,  the  livers  have  infiltrates  in  them  with 
associated  coagulative  type  necrosis. 

It  has  been  reported  that  donor  T  cells  circulate  in 
the  course  of  GVHD.  Studies  by  Sprent  and  Miller 
(132,133,134,135)  have  shown  that  donor  cells  on  days  1  and 
2  are  primarily  found  in  the  spleen  and  lymph  nodes  of  the 
host  and  that  by  day  4  blast  cells  can  be  collected  from  the 


219 


immunosuppressive  drugs  such  as  cortisone  and  steroids, 
which  are  also  known  to  inhibit  inflammatory  reactions 
(131). 

Another  apparently  nonspecific  mechanism  important  in 
GVHD  pathogenesis  is  depicted  when  primed  T  lymphocytes 
induce  mortality  in  sublethally  irradiated  syngeneic, 
allogeneic  or  third  party  hosts.  The  pathology  of  these 
lesions  in  syngeneic  mice  are  markedly  different  from  the 
typical  GVH  reaction.  The  spleens  of  these  animals  are  often 
packed  with  lymphocytes  (Figure  33),  while  the  livers  of 
such  animals  are  often  congested  and  edematous.  Isolated 
patches  of  cellular  infiltrates  with  associated  mild 
necrosis  are  found.  Although  there  is  no  perivascular 
cuffing  of  leukocytes,  these  infiltrates  are  markedly 
distinct  (Figures  34  and  35)  from  those  seen  in  a  normal 
GVHR  (Figure  10).  In  contrast,  the  lesions  found  in 
allogeneic  animals  reconstituted  with  primed  lymphocytes  are 
similar  to  classical  GVHD  (Figure  29).  The  spleens  are 
necrotic,  the  livers  have  infiltrates  in  them  with 
associated  coagulative  type  necrosis. 

It  has  been  reported  that  donor  T  cells  circulate  in 
the  course  of  GVHD.  Studies  by  Sprent  and  Miller 
(132,133,134,135)  have  shown  that  donor  cells  on  days  1  and 
2  are  primarily  found  in  the  spleen  and  lymph  nodes  of  the 
host  and  that  by  day  4  blast  cells  can  be  collected  from  the 


220 


thoraic  duct.  This  finding  demonstrates  that  primed  cells 
traffic  through  the  host  during  the  course  of  GVHD  and  are 
not  merely  sessile. 

The  ability  of  primed  cells  to  mediate  GVHD  has  also 
been  observed  in  this  study  (Figures  28  and  36).  These  cells 
were  primed  against  the  host's  histocompatibility  antigens, 
prior  to  engraftment,  and  as  such,  probably  are  responsible 
for  the  tissue  destruction  that  is  seen.  However,  this 
assumption  may  not  be  correct,  since  primed  helper  T  cell 
clones  and  lines  known  not  to  possess  any  cytotoxic 
potential  are  also  capable  of  precipitating  GVHD  (Figure 
36).  Again  the  lesions  appear  similar  to  what  is  seen  in 
GVHD  caused  by  injecting  virgin  allogeneic  splenocytes.  The 
helper  clones  and  lines  are  directed  at  the  I-A^  molecule 
and  this  reaction  is  analogous  to  the  BIO.AQR  anti- 
(B10.T(6R)  X  B10.AQR)F^  reaction.  The  mortality  induced  by 
the  clones  may  be  due  to  the  proliferation  of  clones  and 
associated  graft  versus  host  reaction  via  a  hypersensitivity 
reaction.  Evidence  favoring  this  explanation  is  that  a 
heteroclitic  clone  (clone  4  -  RY1/Y2)  is  least  effective  in 
generating  mortality.  The  low  responsiveness  of  this  clone 
in  vitro  towards  the  I-A^  molecule  could  conceivably 
delay  development  of  GVHD.  While  those  strongly  in  vitro 
proliferative  clones  would  mediate  quicker  GVHD.  The  other 
possible  explanation  is  that  the  host  may  be  responding 
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against  the  graft  as  was  observed  in  the  BIO.AQR  anti- 
(B10.T(6R)  X  B10.AQR)F^  reaction  previously.  Finally,  a 
third  possibility  could  be  that  the  donor  cells  respond 
against  the  host  and  produce  the  necessary  interleukins  to 
maintain  the  host  cells  responding  against  the  graft.  Thus, 
it  is  still  premature  to  conclude  which  reaction  GVH  or  HVG 
is  directly  responsible  for  the  mortality  which  is  seen  in 
this  situation. 


4.5   The  Attempts  to  Prevent  GVHD  Using  Anti-Host  I-A 
Antibody 

From  the  PLT  of  GVH  primed  cells  it  has  been 
demonstrated  that  the  I-A  molecule  is  responsible  for  the 
major  source  of  donor  cell  proliferation  which  is  observed 
in  vitro.  Experiments  using  anti  host  I-A  antisera  to 
inhibit  subsequent  recognition  of  the  host's  I-A  antigen, 
thereby  preventing  donor  cell  recognition  proved 
unsuccessful  in  this  model. 

Possible  explanations  for  this  failure  include  1)  not 
all  the  antigenic  sites  were  covered,  and  2)  the  antibody 
was  internalized  and  removed  from  the  cell  surface  allowing 
the  donor  lymphocytes  to  recognize  the  host's  I-A  molecules 
Obviously  different  protocols  need  to  be  studied  to 
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determine  the  efficacy  of  using  anti-I-A  antisera.  This 
approach  was  not  pursued. 

4.6   The  Attempts  to  Prevent  GVHD  using  Newborn  Suppressor 
Cells  ~ ^ 

From  the  work  of  Peeler  et  al. (106)  a  suppressor  cell 
and  its  associated  factor  have  been  described  which  operates 
by  inhibiting  in  vitro  MLR  and  CML  reactions.  It  was 
therefore  of  interest  to  determine  whether  these  suppressor 
entities  would  function  in  vivo  by  preventing  GVHD. 

CBA/J  (H-2  )  newborn  splenocytes  are  removed  from  one 
to  four  day  old  neonates,  have  the  capacity  to  prevent  GVHD 
by  donor  BIO. BR  (H-2^)  cells  in  (BIO  x  B10.BR)F   mice 
(Tables  35  and  36). This  was  not  so  when  adult  CBA/J 
splenocytes  are  cultured  with  the  BIO. BR  cells,  which 
resulted  in  no  inhibition  of  GVHD.  Thus,  the  ability  of 
CBA/J  newborn  cells  to  exert  some  type  of  GVHD  suppression 
eliminates  the  possibility  that  the  BIO. BR  cells  had  simply 
become  primed  towards  CBA/J  determinants  and  therefore 
lacked  the  ability  to  respond  towards  the  H-2'^  antigens. 

Those  animals  which  received  the  BIO. BR  cells  treated 
with  or  without  the  CBA/J  adult  cells  developed  the 
classical  GVHD  syndrome:  diarrhea,  weight  loss,  lethargy 
etc.  within  the  normal  time  frame.  Most  of  the  animals  which 
received  the  BIO. BR  cells  treated  with  the  CBA/J  newborn 
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cells  did  not  show  signs  of  GVHD  at  the  time  when  the 
control  host  animals  were  dying.  When  these  treated  mice 
were  dissected  at  day  15,  leukocytic  infiltrates  were  common 
in  the  liver.  Perivascular  cuffing  was  also  prominent.  The 
parenchyma  was  however  intact  and  presented  no  cellular 
destruction,  totally  unlike  previous  GVHR  where  leukocytic 
infiltrates  proved  destructive  to  the  parenchyma.  The 
intestines  were  also  affected,  but  not  to  the  extent  that 
was  observed  in  the  control  GVHR.  About  one  fourth  of  the 
villi  were  dilated  and  devoid  of  leukocytes,  the  rest  of  the 
villi  appeared  normal.  In  control  GVH  animals,  nearly  95%  of 
the  villi  were  effected.  Thus,  the  experimental  animals  did 
not  appear  to  be  wasting  by  the  associated  malabsorption 
problems.  The  leukocytes  recovered  from  the  spleen  proved  to 
be  equivalent  with  the  number  of  leukocytes  recovered  from 
the  GVHD  suppressed  mice  demonstrated  little  or  no 
functional  activity  as  compared  to  the  reactivities  seen  by 
normal  GVH  primed  cells. 

As  these  acute  GVHD  suppressed  reactions  proceed,  the 
animals  begin  to  degenerate  by  day  25.  The  mice  begin  to 
develop  skin  lesions:  loss  of  hair  and  redness  of  the  skin 
being  common.  Mononuclear  cell  infiltrates  are  found  in  the 
dermis  (Figure  38).  The  liver  also  appears  to  be  effected. 
Histologically  the  liver  is  completely  destroyed,  the 
parenchyma  is  "punched  out",  only  nuclear  remnants  are  left 
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(Figures  39  and  40).  No  cell  boundaries  are  visibly 
detectable.  However,  the  intestines  appear  normal.  When  the 
spleens  are  removed,  the  number  of  recovered  leukocytes  was 
the  same  as  day  matched  irradiated  control  mice,  and  these 
cells  demonstrated  no  proliferative  activity  towards  the 
antigens  syngeneic  to  the  host  (Table  38).  Furthermore  when 
these  cells  are  expanded  with  IL  2  for  one  week  in  vitro 
these  cells  exhibited  no  CTL  activity  (Table  40).  Instead,  a 
granulocyte/basophil  like  cell  appear  in  culture  (Figure 
41).  The  presence  of  these  cells  was  never  experienced 
before  using  the  IL  2  in  vitro  expansion  technique.  The 
presence  of  these  cells  was  also  noted  when  the  spleens  were 
freshly  prepared,  so  it  does  not  appear  such  cells  developed 
de  novo  from  other  cells.  Whether  these  cells  are 
responsible  for  the  chronic  GVHD  seen  is  not  apparent  at 
this  time.  ^ 

To  determine  if  the  CBA/J  newborn  cells  had  incapitated 
the  adult  BIO. BR  cells,  the  BIO. BR  cells  were  tested  for 
mitogenic  responses  using  Con  A  and  LPS  (Table  37).  The 
newborn  cells  themselves  were  unable  to  respond  to  Con  A  and 
LPS.  The  BIO. BR  cells  treated  overnight  with  the  newborn 
CBA/J  cells  were  still  quite  capable  of  responding  to  the  T 
and  B  cell  mitogens.  This  experiment  establishes  that  the 
BIO. BR  cells  treated  with  the  CBA/J  newborn  cells  have  not 
been  killed  or  have  been  functionally  inactivated. 
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There  does  appear  to  be  genetic  restrictions  in  what 
types  of  GVHD  the  CBA/J  newborn  cells  are  capable  of 
suppressing.  When  B6  splenocytes  were  incubated  with  the 
newborn  CBA/J  cells,  these  treated  cells  were  not  capable  of 
suppressing  GVHD  against  BIO.WB,  another  entire  H-2 
mismatched  reaction  (Table  41).  Neither  of  these  two  mouse 
strains  possess  any  of  the  histocompatibility  antigens 
derived  from  the  H-2   haplotype.  This  might  suggest  that 
the  donor  cells  must  share  I  regions  with  the  suppressing 
CBA/J  for  GVHD  suppression  to  occur. 

Another  experiment  (Table  41)  using  CBA/J  newborn  cells 
demonstrated  that  B10.A(5R)  and  BlO.AOR)  cells  are  also 
capable  of  being  suppressed  enough  to  prevent  acute  GVHD  in 
sublethally  irradiated  BIO  mice.  This  experiment  therefore 
correlates  the  I-E  molecule  with  the  CBA/J  mediated  GVHD 

]r 

suppression.  Whereas,  a  shared  I-A  molecule  with  the 
CBA/J  cells  does  not  appear  to  be  sufficient  for  this 
suppression  to  occur.  Unfortunately,  this  hypothesis  does 
not  hold  when  other  mouse  strains  are  studied.  For  example, 
B10.A(2R),  BIO.MBR,  and  BIO.HTT  which  possess  the  I-E^ 
were  not  capable  of  being  suppressed  by  the  CBA/J  newborn 
cells.  Therefore,  this  restriction  is  unable  to  be  explained 
at  the  present  time. 

Another  study  demonstrated  that  newborn  splenocyte 
mediated  GVHD  suppression  can  occur  in  the  H-2   system 
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(Table  41).  In  this  combination  newborn  mice  from  either 
DBA/2  or  SEA  were  capable  of  suppressing  B10.D2  splenocytes 
from  causing  acute  GVHD  in  B6  mice.  Quite  unexpectedly 
newborn  splenocytes  from  BALB/c  and  SEC  mice  failed  to 
suppress  GVHD  from  occurring. 

To  determine  whether  any  newborn  spleen  cell 
preparation  would  demonstrate  GVHD  suppression,  newborn 
(BIO. BR  X  SWR)F-  splenocytes  were  used  in  place  of  the 
CBA/J  newborn  cells.  As  demonstrated  in  Table  35  no 
suppression  of  GVHD  in  (BIO  x  B10.BR)F  mice  was  induced, 
despite  the  fact  that  the  same  protocols  and  techniques  were 
employed.  To  eliminate  the  possibility  that  the  H-2^ 
haplotype  interferred  with  the  priming  reaction  newborn 
(BIO. BR  X  SWR)F^  cells  were  incubated  with  (BIO. BR  x 
SWR)Fj^  adult  cells  overnight  and  then  injected  into  (BIO  x 
B10.BR)F^  mice.  Again  the  same  negative  results  were 
observed:  no  GVHD  suppression  was  observed. 

These  previous  studies  have  indicated  that  cellular 
interactions,  most  probably  within  the  I  region  are  needed 
before  GVHD  suppression  can  be  effected.  When  newborn  spleen 
cell  supernates  are  used  they  do  in  fact  inhibit  MLR  primary 
reactions  irregardless  of  the  genetic  disparity.  And  these 
factors  only  marginally  prevent  GVHD  from  occuring  in 
(BALB/c  x  B6)F^  mice  reconstituted  with  BALB/c  cells 
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(Figure  46).  This  argues  that  some  unknown  cellular 
interactions  are  probably  responsible  for  GVHD  suppression. 

The  newborn  suppressor  factors  can  be  fractionated  into 
2  populations:  one  with  a  molecular  weight  less  than  10,000 
daltons  and  the  other  with  a  molecular  weight  greater  than 
10,000  daltons.  The  mode  of  action  of  these  substances 
appears  to  be  different.  The  time  of  addition  study  revealed 
that  addition  of  the  low  molecular  weight  substance  could 

inhibit  a  primary  MLR  even  up  to  72  hrs,  right  before  the 

3 
H-TdR  was  added  to  the  culture.  This  low  molecular  weight 

substance  probably  contains  either:  histamine,  thymidine  or 

prostaglandins  which  simply  reduce  "^H-TdR  incorporation 

nonspecif ically.  However,  histamine's  activities  could  be 

eliminated  because  it  was  unable  to  inhibit  thymidine 

incorporation  in  mixed  lymphocyte  reactions.  Prostaglandin 

E^   did  suppress  the  mixed  lymphocyte  reactions,  but  this 

substance  was  only  effective  if  it  was  added  within  the 

first  48  hours  of  the  reaction,  so  this  factor  is  not  likely 

to  be  the  low  molecular  weight  factor.  In  contrast,  the 

higher  molecular  weight  substance  only  suppresses  the 

primary  MLR  within  the  first  48  hours  of  the  reaction.  The 

size  profile  of  the  suppressor  factor  reveals  that  the 

higher  molecular  weight  substance  probably  contains  2 

entities  (Figure  42);  one  with  a  higher  molecular  weight 
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a  molecular  weight  roughly  the  size  of  albumin.  This 
substance  is  not  alpha  fetoprotein,  because  when  anti-alpha 
fetoprotein  antibody  is  tested  in  a  gel  diffusion  test,  no 
lines  of  identity  form  with  purified  alpha  fetoprotein 
(Figure  44 ) . 

Previous  works  (88,89,13  6)  have  used  newborn  suppressor 
cells  to  inhibit  local  GVH  assays  in  adult  F^  animals  as 
well  as  temporary  suppression  of  systemic  GVHD  in  5  to  7  day 
old  mice.  Interestingly,  the  newborn  splenocytes  which  were 
successfully  used  in  such  assays  have  come  from  CBA,  AKR  and 
A/J  mice.  These  reports  have  shown  that  neonatal  spleen 
cells  or  newborn  splenocytes  from  1  to  3  day  old  mice  have 
the  ability  to  suppress  H-2  mismatched  GVH  reactions  as 
measured  by  footpad  swelling  or  splenomegaly  methods. 
However  these  suppressor  cells  are  short  lived,  since  mice 
older  than  5  days  do  not  possess  suppressor  activity.  Other 
studies  have  demonstrated  that  newborn  splenocytes  secrete 
suppressor  factors  which  inhibit  MLRs,  CTL  development  and  T 
cell  mediated  antibody  synthesis  (137,138,139,140).  These 
workers  also  claim  that  suppressor  factor  synthesis  declines 
in  the  newborn  mice  around  days  4  to  7  like  the  GVH 
suppression  observed  by  Ptak  and  Skowron-Cendrzak  (88,89). 
Research  by  Arygris  (141)  has  claimed  that  the  newborn 
suppressor  factors  can  be  distinguished  into  2  fractions. 
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one  with  a  molecular  weight  less  than  10,000  daltons  and  the 
other  factor  with  a  molecular  weight  greater  than  10,000 
daltons.  However,  the  higher  molecular  weight  factor  was 
thought  to  be  simply  dimers  or  multiples  of  the  lower  weight 
fragments.  These  factors  were  also  thought  to  be  secreted  by 
newborn  T  cells.  In  contrast,  previous  work  by  Peck  and 
fellow  workers  (106,139)  have  associated  the  source  of  these 
factors  to  monocytes  and  mast  cells.  Whereas,  this  work  does 
not  address  this  particular  controversy,  the  findings 
reported  here  confirm  that  newborn  splenocytes  secrete 
soluble  factors  which  are  capable  of  suppressing  primary 
MLRs  (142,143).  Additionally,  this  work  also  demonstrates 
that  newborn  suppressor  cells  are  capable  of  suppressing 
acute  lethal  GVHD  in  adult  mice. 

One  point  worth  noting  has  been  the  correlation  of 
suppression  with  Mis   positive  mice.  The  exact 
relationship  and  role  of  the  Mis  positive  cells  remains  only 
speculative.  First,  the  Mis  locus  or  a  gene  linked  to  the 
Mis  may  control  the  type  or  the  amount  of  suppressor 
f actor (s)  that  are  secreted.  Newborn  cells  constantly 
secrete  factors  and  this  continous  supply  of  factor  provides 
the  stimulus  for  GVHD  suppression.  Second,  recognition  of 
the  Mis  antigen  does  not  lead  to  any  harmful  effect,  but 
activates  the  suppressor  limb  of  the  immune  system.  Previous 
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work  by  Festenstein  (100)  has  shown  that  the  Mis  antigens  do 
not  behave  the  same  way  as  the  H-2I  antigens  do.  For  example 
Table  1  illustrates  that  I  region  antigens  induce  good 
splenomegaly  and  produce  good  stimulation  indices, 
nevertheless,  Festenstein  has  shown  that  Mis  disparate 
combinations  do  not  induce  splenomegaly  but  instead  induce 
good  in  vitro  reactivity.  Cytotoxic  T  cells  and  specific 
antisera  have  never  been  produced  against  the  Mis  antigen, 
despite  numerous  unreported  attempts.  Follow  up  studies  have 
shown  that  in  vivo  CTL  generating  reactions  involving  H-2 
and  Mis  disparate  reactions  produce  fewer  CTLs  than  do  the 
comparable  H-2  disparate  reactions  (144).  Likewise,  Arygris 
(145)  has  found  that  when  DBA/2  cells  or  P-815  cells  (a 
mastocytoma  derived  from  DBA/2)  are  injected  into  B6  mice, 
suppressor  cells  and  suppressor  factors  are  induced  both  in 
vitro  and  in  vivo.  These  suppressor  entities  are  able  to 
inhibit  MLRs  and  CTL  development.  Similar  unreported 
findings  by  Peck  testify  to  the  uniqueness  of  this  Mis 
disparate  reaction.  Finally,  in  a  different  experimental 
setting.  Click  has  reported  that  Mis  disparate  marrow  grafts 
survive  much  better  even  in  H-2  mismatches  (146). 
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Whatever  the  mechanism  of  suppression  is,  one  thing 
that  remains  is  that  adult  mice  reconstituted  with 
allogeneic  cells  treated  with  CBA/J  and  SEA  newborn 
splenocytes  do  develop  chronic  GVHD.  With  the  exception  of 
Rappaport  et  al's  combination:  B10.D2  anti-( DBA/2  x 
B10.D2)F,  (96),  no  reported  study  examined  to  date  has 
described  chronic  GVHD  in  the  mouse  system.  Sprent  and 
Korngold  have  recently  speculated  that  both  chronic  and 
acute  GVHD  are  caused  by  T  cells  (147,148,149).  The  evidence 
supporting  the  cause  of  acute  GVHD  is  fairly  solid,  in  that 
treatment  of  lymphocytes  with  anti-Thy  antisera  plus 
complement  eliminates  all  types  of  (3VH  which  would  have 
appeared,  both  local  and  systemic.  The  evidence  linking 
chronic  GVHD  is  not  so  well  delineated.  This  research  has 
showed  that  T  cell  reactivity  may  be  completely  abolished 
(Tables  38  and  40)  or  working  in  such  low  basal  levels  that 
the  normal  acute  GVHD  effector  mechanisms  may  not  be  working 
properly  and  that  another  route  of  GVHD  effectors  may  be 
working  in  its  place  (Figure  47).  These  other  effectors  do 
not  have  to  be  lymphocytes,  perhaps  the  inflammatory  cells 
such  as  PMNs  and  monocytes  may  be  the  cells  mediating  this 
form  of  the  disease.  If  this  other  effector  limb  is  indeed 
working  then  the  lesions  which  are  observed  do  not  have  to 
be  identical  to  those  produced  by  the  T  cell  mediated 
effector  mechanism(s) .  Thus,  this  disease  process  which  is 


.^.  232 


observed  here  could  then  be  more  comparable  to  the  situation 
in  the  human  bone  marrow  transplantation  setting  where 
chronic  GVHD  occurs.  Thus,  this  proposed  model  would  also 
explain  why  a  form  of  GVHD  occurs  in  the  humans  undergoing 
bone  marrow  transplantation,  even  after  the  donor  T  cells 
have  been  eliminated  from  the  reconstituting  cell 
populations. 


Figure  45.  Proposed  model  for  GVH  morbidity. 
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